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PREFACE 



This book has been prepared with the intention of assisting 
studentB in learning the art of Surveying. The antbor, during 
tbe twenty-one years of bis Professorship in the Mining Depart- 
ment of tbe Vorksbirc College, had to teaeb a groat many 
students the elements of this art, and for that purpose put 
together various notes. As a former Esaminer in Mine Survey- 
ing to the City and Guilds of London Institute also, the author 
gained a considerable insight into tbe needs of students. He 
has added to his own experience as a practical surveyor by 
reading a number of books on surveying and papers published 
in the transactions of various scientific societies both iu this 
and other countries. 

Wliere it has been thought advisable to reproduce extracts 
or drawings from these, acknowledgment will be found iu 
the text. 

Whilst primarily the object the author has had in view 
ba« been the preparation of au elementary text-book, he has 
endeavoured to make the book of value as a reference book to 
the more advanced ports of the subject, and the chapters dealing 
with Trigonometrical Plotting, Hypsometry, Method of finding 
the True North, Metalliferous Mine Surveying, Pholographic 
Surveying, Prospecting with the Magnetic Needle, etc., have 
been incladod with this purpose in view. 

The reader should endeavour, as far as possible, to get 
practical experience of the instrumeuts and in the method of 
using thom, and the author would recommend such of bis 
readers as have not done so to view the collection of surveying 
iustmmente at the South Kensington Museum, London. 



PREFACE. 

The author would like to ackuowledge the uniform courtesy 
shown to him by those members of the Government Depart- 
ments (Iloyttl Observatories, Greenwich and Kcw, the Orduauoo 
Survey Oflice, the Meteorological Office, etc.) who have supplied 
him with various informntiou, and also his thanks to the various 
makerH of surveying uistrunicnts herein deaortbed. 

The tables of Logarithms, Antilogarithm», Squares, Sines, 
Cosines, Tangents, etc., which form a portion of the appendix, 
are taken from a work on Elementary Physics by Mr. John 
Henderson, D.Sc. (Edin.), A.I.E.E., F.R.S.E., to whom the 
author is indebted for permission to reproduce them. 

In conclusion, the author wishes to state that professional 
t:ngagemcnts might have entirely prevented him from com- 
pleting thin work had it not been that among hitt asHistanis he 
numbered some experienced surveyors, and he thinks it fair to 
aektuiwlttdge tho valuable assistance he ha« had from them, 
especially from Mr. Herbert Perkin. Ho would also like to thank 
those of his friends who have undertaken the revision of various 
parts of the work. 

Any coriections or additions which suggest themselves to 
the reader will be gratefully acknowledged. 

ABNOLD LOriO.N. 
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HBED AND ADVAXT&0E3 OF ACCmATE PULKS, ETC. 

IfixE surveying ib necessary for two reasons : In the first place, 
(I map or plan, and section, are necessary to guide the miner in 
his daily work, bo that when the workings have extended over a 
considerahle area, il may be seen at a glance which parts of the 
mineral have been got and which remain to get; in what direc- 
tion the roads go, how for apart they are one from another ; how 
machinery can be best arranged for underground haulage ; bow 

, the ventilation of the mine may bo most economically conducted ; 

"and how the drainage may he effected. The plan should also 
show the direction of faults, and where the mineral has been 

.found good, or where inferior or unworkable. The section will 
show the inclination of the bod or vein, and the height above or 
depth below any given datum-line. Contour-lines on the plan give 
the same information for the whole mine. In the second place, 
the plan of the uiine (see Frontispiece) is required to show the 
position of the underground workings with regard to objects and 
hnunilary-lincB on the surface. To take mineral from under- 
neath the land without the previous sanction of the landowner 
may bo treated as felony, and, if it is done through accident or 
inadvertence, may be punished with a heavy fine. It is, tliere- 
fore, of the highest importance that the owner or tenant of the 
mine should not only have an accurate plan of the boundary of 
the esUiti* under which he has a licence to work, but an equally 
accurate plan of the underground workings, drawn upon the 
ime paper (or other drawing material) that is used for the 
plan showing the boundaries, fences, buildings, roads, streams, 
and other notable objects above ground. A mining plan is 



siravEYhWG. 



therefore, generally speaking, incomplete nnlesB it is also a 
plan of the land above ; and a mining surveyor is thereforti 
not competent for the entire production of a mining plan unless 
lie understands land surveying as well as mine surveying. It 
freqnently happens, however, that the plan of the surface is 
made by a land surveyor, and the plan of the mine by a mine 
sarveyor; and this combination often produces very accurate 
reeoltB. In some respects it is better that the whole of the plan 
should be made by one surveyor, who is responsible for the 
accuracy of the combination of underground and surface work, 
and in this case that person should be the mine surveyor, as he 
is the man who possesses the additional knowledge of the mine 
which is necessary for a proper survey. 

Keridian Line.— Even in case the mine surveyor is relieved 
from the work of land surveying by having an accurate map of 
the estate put into his hands, ho cannot delineate upon it tbu 
workings of the mine unless he has some knowledge of land 
surveying, because he will require to mark upon the plan a 
meridian line to which his underground survey must be referred. 
This meridian line may be drawn north and south in tlie 
geographical meridian, or line of longitude ; or it may be drawn 
in the direction of the magnetic pole, or it may be some other 
line which is marked out both ou the surface and in the mine 
below, in the same vertical plane. None of these lines can be 
correctly marked upon the surface plan without some knowledge 
of land surveying. It is, therefore, necessary that the mine 
Burvoyor should be instructed in the art of land surveying. 

Every art in which it is possible to achieve perfection has a 
fascination fur the human miud, and surveying is one of these 
arts. 

Degree of Accuracy attained. — The accuracy with which the 
survey may be made is only limited by the .skill and care of the sur- 
veyor, provided he has the opportunity of using the most suitable 
instruments which are made; and, as a general rule, the surveyor 
obtains the accuracy necessary for his purpose. It is, however, 
perhaps also true that, as a general rule, he is not much more 
accurate than is necessary. Thus, in a mine of large extent, 
the workiugs of which are neither near a boundary nor near to 
some important building which must not be disturbed, an error 
of half a chain iu the position of any part of the workiugs is by 
no means uncommon. 
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Beasoni for Great AocttTMy. — On the other band, wlien 
approRcliiug gome important buildtug, or when approaching a 
boundary which mnsi not be {loaged nnder a heavy penalty, and 
which mu6t yet be rfarhfd beeanee the owner of the mine does 
not wish lo sacrifice any portion of the mineral which is Lis, 
then minuie accuracy is often attained. In some metalUferons 
mines great value attaches, perhaps Bometimes reaching £100(), 
to a single square yard of ground, and in such a case it ih 
necessary that the plan should be so accurate that no rival skill 
can detect an error. 

If the owner of a mine inadvertently crosses the bomidary, 
<ftad gets mmeral to which be has no right, he may be obliged to 
pay in damages nearly tlie whole iimrki^t i)rice of the mineral, 
possibly ten times the royalty ordinarily payable, so that in the 
case of a seam of coal, ho might be fined to tlie extent of two or 
three shillings per square yard for every yard in thickness. 

In order to avoid crossing the Ixjundary, there are only two 
courses — one is to leave a considerable margin of the mineral 
jn^fidf the bnniidary, and the other is to have a plan of extreme 
accumcy, and to mark out the limits of workings underground 
upon this plan from day to day. To leave a wide margin of 
coal or other mineral uuyot, unless it is requiretl for the purposes 
of a permanent barrier, involves a coi-responding loss and waste 
of mineral. 

An accurate plan is also necessai'y for engineering reasons. 
It may bo necessary to drive an imderground road or tunnel 
from one pit to some other pit, and a serious loss may result if 
the mark aimed at ib not hit in the centre. 

For reasons of safety an accurate plan ia much to be 
desired. Abandoned workings may be full of water, and if 
the plan of these abandoned workings does not show them all 
and in a correct position, the workings from some new mine 
may inadvertently break in upon accnmnlations of water, and 
thus lead to fatal, and financially dinastrons results. It ia. 
liiC-refore, in the highest degree desli-able that mine surveyors 
should habituate tbemselveB to the making of accurate plans, 
because a habit of carelcssuesfj, once acquired, is difficult to 
Uirow off when minute accuracy is ncecusary. 

It is, however, not the snrveyor who retjuires to be impressed 
with the importance of an accurate plan, it is rather those who 
have to pay for hiH services, and they do not always sec where 
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tliey get any return for uu expenditure ou carefully made maps-] 
and plans. It thus happens ut some collieries that hum 
of pounds are annually wasted which would be saved by tbel 
employment of a careful surveyor^ not merely to make a plan of 
tlie roads after they are driven, but to set out the roada iu tho 
right direction. The cause of this ivaste is easily explained : 
without an accurate plan, showing the existing workings, faults, 
and inclination of the seam, it is impossible to lay out the roade 
so that the shortest length of road may suf&oe; hence an 
unuecessary number of rofids, and these roads crooked, aro 
often made. Also, eveu if tho roads are correctly schemed, they 
will not be laade in the direction intended unless the workmen 
are guided hy marks carefully fixed by the surveyor. Each. 
yard of road iu the mine costs so much to make, varying accord-, 
iiig to circumstances — in coal-mines from 2x. to 20x., and in 
metalliferous mines and cross-measure diifts from IOj;. to £10 ; 
it also costs 80 much to maintain, and then there is the cost of 
transit. Thus iu a mine raising 300,000 tons of coal a year, 
the cost uf making and maiutainiug roHdways nf all kinds, and 
of haulage, may, combiued, easily amount to £*JO,*.M}0 a year. 
If the length of the roadways is o per cent, longer than necessary, 
the cost will bo increased in a corrcspondmg degree, or to the 
extent of £10U0 a year. In many cases the costs are uu a 
higher scale, and, of course, tho loss from unnecessary leugths 
of road is correspondingly increased. 

It is absolutely certain that the money spent on the produc* 
tion of accurate pious and contours, and sections giving every 
engineering and geological detail, is repaid many times over 
(tenfold to a hundredfold) eveiy yeai' in the ordinary course of 
working. 



CH.U>TER II. 

THK MEASlTtEMKNT OF DISTANCES. 
ClLUKtt, TaP£», PoLKri, MkahURING-WHKBLS. 

The ingtrumenU generally used by the mine surveyor are aa 
follows : — 

Heasnring-chaizLs. — Gunter*a chain is tliat usually employed 
for land surveying and in coal-mines. 
This chain (see Figs. I nnd "2) is GO feet 
long, or the eightieth part of a mile. It 
is divided into 100 parts, called " links." 
100,000 square " linliB," or 10 square 
chainB, etjual 1 acre. The chain is con- 
etructed either of iron, steel, or brass 
wire. If made of steel wire, it is about 
,'a ictch in diameter. A ebaiu-leugth 
is composed of a hundred piecea of wire, 
which have a loop at each end, and are 
G inches in length. These pieces are 
united by three short links, about ; inch, 
intertuil measurement, made of flat wire. Fi«-i-^i»ot*r^niflM«ruig- 
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Vio. 2.— Cianter'i ni«Muriog-chaiD (onlMged view). 

Those three short pieces and the long pieces make up a Icngtli 
of nearly ft luches, or exactly 7'!)'2 inches. At eaoh end of 
thii clmin the ii-inoh piece is shortened to about i inches ; 
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then comes a small link, and then a hrass handle, making up 
the total length of 7'n2 inches. Measuring from the outside 
of tliu handle for a length of 10 links, the end of the tenth 
link is in the centre one of the three small loops uonnectinf 
two R-inch pieces. Attached to the centre loop is a small brass' 
tog, with one prong, which indicates a length of 10 links from 
the end of the chain. Measuring 10 links further, another 
brass tag is similarly attached to the chain ; bnt this second tag 
has two prongs. At the end of the next 10 links is another 
brass tag, which has three prongs; at the end of the next 10 
links IB a similar brass tag, with four prongs; the end of the 
next 10 links is the centre of the chain, and has a simple 
round-ended brass tag. Each end of the chain is constructed 
in tbi' same way, measuring from the outside of the handle to 
the centre, so that the same tag may connt 40 or 60, according* 
Hs it is before or after the centre, 30 or 70, 20 or HO, 10 or 90. 
At 25 links from each end of the chain, instead of the three 
simple loops connecting two fi-inch pieces, there is one loop and 
two swivel-jointed loops, so that if the chain has got twisted it 
may be untwisted. The swivel-joint also marks the length of 
25 or 75 links. At the centre of the chain is another swivel 
link ; this is marked by the round-ended tag above mentioned. 
Sometimes 10 links at each end of the chain are made of 
brass, so that the end of the chain may be held near a magnetic 
compass without attracting the needle. If the chain is made of 
brass or iron wire instead of steel wire, it is about I inch thick. 
For ordinary mine surveying it is desu'able lo have a good 
strong chain. 

Engineers often use a chain 100 feet long, divided into links 
of 1 foot in length. Where a section is being levelled, it is 
convenient to have the lengths in feet, because the altitudes 
are measurnd in feet. Tlie use of 100-foot chaints is making 
headway, and has much to recommend it. Whenever the term 
" link '* is used, however, Gunter's link of 7'9'2 inches is the 
one referred to. In the Cornisii mines a chain 10 fathoms, 
or 60 feet, in length is used, the chain being divided into 120 
parts, each fi inches in length, and marked with a tag every 
G feet ((.(■. every fathom). 

Tapet. — A 6G-foot painted tape, divided on one side into feet 
and inches, and on the other into links, is very convenient for 
measuring ofTsets, and the width and height of roads. The best 
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kind of tape is the " metallic " tape, made witb fine brass wires 
interwovt'M ^ritb vegetable fibre. 

8t«el Tapes. — Where great a«curacy is desired, steel tapes 
may be ased. The steel tape, being one continuous riblmn of 
metal, is less liable to stretcb than the chain. One side is 
marked witb feet and inches, and the other with links. Steel 
tapes have to be carefully used, in order to avoid breaking, 
and must be cleaned after use, or the marking will becomu 
obliterated by rust. 

Sometimes a tape much longer than 100 links is used. Mr. 
Eeklcy B. Cox, of Drifton, Pennsylvania, showed the writer a 
steel tape 500 feet in length. This tape was very light, about 
,'; inch broad and ;V inch thick. Every tenth foot was marked 
with a piec€ of brass wire soldered on with white solder, the 
Qtimber of each mark being shown by figures on the solder. 
The tape is carried on a reel, from which the reiiuireJ lengtli 
may be unwound. One end of the tape is held at one station, 
and the distance to the other is read off upon the tape to the 
nearest 10-foot mark ; from this mark to the station the length 
is measured by a 6-foot staff marked in feet and decimals uf a 
foot. By the use of this long tape, the entire length of a line 
can be measured at one operation to the hundrefltli part of a 
foot, and the errors due to marking off chain-lengths on rough 
and uneven groimd ore thus avoided. 

When measuring large tracts of natlying country, where 
portability and lightness are of great importance, what is known 
AB a compound steel hand chain is often used. It consists of 
two or more separate steel bauds, each one chain long. These 
can be joined together by swivtls and hooks, and nsed in lengths 
of one, two, or more chains. 

The ffrst chain of each set is divided into links in the usual 
manner; but the other chains are not subdivided. The bands 
are wound up on a steel cross. 

Meua ring-poles. — For measuring short lengths poles are 
often used, dividt^d into links by painting alternate lengths of 
one link black and white. The divisions of the pole are some- 
times in feet for architectural purposes; and for measurements of 
extreme accuracy, the divisions are subdivided into tenths. As 
a general rule, poles are only used for measuring offsets to the 
line measured by the chain. For this purpose a lO-link (or, in 
the alternative, a 10-foot) pole is most convenient. In some 
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cases tbe base-liue for a trigonometrical survey has beeu 
measared along a line, carefully levelled for the purpose, hy 
means of poles laid end to end, so as to avoid tbo errors due to 
the inaccuracy of chatnn or tapes. 

Measuring-rods have been so constructed thai tbe length 
is uniform for all temperatures. These are made by using a 
rod compounded of two side by side, one braes and tbe other 
iron, which have an unequal expansion. At each end is a 
cross-piece, projecting on one side, with a centre-mark so 
placed that the centre-maiks maintain an equal distance dnnng 
variations of temperature. 

Facing, — Distances are sometimes measared by pacing 
With a little practice a surveyor may Icaru to step a yard, and 
in this way to measure distaucies with aw terror not greatly exceed- 
ing ^ per cent. The ordinary pace is much shorter, being, say, 
90 to 33 inches. There is a great difliculty, however, in count- 
ing the paces, as it is diflicult to maintain concentrated atten- 
tion. Paces may be counted by means of a jt^doraeter, an 
instrument which registers the movements of the body made in 
walking, thus counting the pacos. 

A xnau may educate himself to take a pace uf even length 
uphill and downhill, the natural tendency being to take a long, 
pace downhill and a short pace uphill. To maintain, however, 
uniformity of pace, a man of average height should adopt a pace 
not exceeding 2 feet inches; and then, with practice, he may 
maintain this for iha whole day both uphill and don'nhiU. 

Measariiig-wheeL — A measuring-wheel may also be Ufied,| 
with a counter to record the number of revolutions. The wheels] 
of any carriage, whether propelled by steam, horse, or hand-' 
power, or an ordinary bicycle or tricycle Ettod with a counter, 
will do. The circumference of the wheel being known, say 10 
feet, the distance traversed will be the number of revolutions 
multipUed by 10 feet. Of course, this will only give the dis- 
tance with approximate accuracy, but for many purposes, such 
as a pi-elimiuary geological survey, this accuracy might be quite 
sufficient. For still less accurate measurements, there are other 
mi'anB, such bh the speed of a wteamer on a river or lake. 

Accuracy of Steel Tape. — For any purposes required by the 
mining engineer, a steel tape is sufl^iently accurate. The 
expansion of steel between tbe temperature of freezing and 
boiling water is rather more than 1 in UXX), say r2; and the 
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expansion in length for 1° is about i!'l parts tn a million, and 
for 50" is about 3"2 parts in 10,000, or, say, ono part in 31*25. 
In temperate regions a variation of riC* la as much as is to be 
expected ; in England this is an extreme variation. Suppose 
the eteel tape to be tested and found correct at a temperature 
of 50",* then for a variation of 10'' either higher or lower, the 
variation would be about 'V4 parta in 100,000, or, more correctly, 
1 in 15,625. Where extreme accuracy is required, this correc- 
tion should be made. To enable it to be done more readily, 
Mr. W. F. Stanley of Loudon makes a patent band chain 
liandle adjustment, in which, by meaus of a screw, the chain or 
hand L-au be leugtiiened or Hhortened as desired. A scale on 
the handle also enables adjustment to bo made for variation in 
temperatoi'C during the performance of the work. 

A ateel tape 'S7 inch wide and '01 incli thick, C<> feet long, 
when laid out on a pavement, requires a pull of about 4 lbs. 
to draw it straight over the slight inequalities of the pave- 
ment. A total pull of 8 lbs, will stretch it iV beyond the 
mark mode at the 1-lb. ]}iill. A total pull of 12 lbs. gives a 
total stretch of a bare eightti ; a total pull of 1(> lbs. gives 
a fitrelch of a good eighth ; and a total pull of 20 lbs. stretches 
the chain ,^« be^'ond the mark made with the -l-lb. pull. The 
st«cl tape is not suitable for rough usage, and is therefore 
only used for the main lines of an important survey, and for 
those details which it is necessary to mark on the plan with 
extreme accuracy, or for measuring the base-line of a trigono- 
metrical survey on the surface. 

For the ordinary work of a mining survey a ntrong chain is 
the best measuring instrument. 

Testing a Chain. — Before beginning a survey, and frequently 

during the survey, it is ne<-'ef>sftry to test the chain, to see that it 

js the right length. The importauce of this will bo understood 

rhon the reader considers that if the links of a chain are joined. 

three rings, then there are eight wearing surfaces for each 
link, or hOO in a ohain-k-ngth. If each should wear the 1^5 
part of an inch, this uieaua that the chain is lengthened by 8 
inches. For the piiri>o«e of testing, a flat piece of pavement or 
piece of level ground beside a straight wall should be carefully 
measured with a pole or foot rule, and a chisel-mark put on 

' MeMtT. Obesterrnao olnim llial thuJr stool Upua are pmeltnulljr uoourfttil at 
tiS^ ¥m\\t., mnA My tba ezp«Ti))lon Ik about OOS liwb in 100 foot for onob clegivo. 




MINE SURVEViNG. 



every tenth link ; the chain is then drawn tight over or against 
tbeao marks. If nuy Bootion of the chain is too hmg, it ifi 
Bhortened by taking out a loop ; if auy section is too short, it is 
lengthened by putting in a loop ; the two ends of the piece of 
wire forming the loop are not welded together, so that the link 
can be easily opened with a chiHcl and clueed with a hammer. A 
few honra' work with the chain over rongh ground , where the 
chain has to be pullud tight to draw it into a straight line, or to 
set it free from some obstruction against whieh it has caught, 
may be sufficient to stretch the chain an inch or more. A care- 
fully tested steel tape is a very convenient instrument for testing 
the accuracy of a chaiii in the absence of any more certain fixed 
measure. 

Method of Chaining. — When measuring on the surface with a 
chain, the method is as follows: The line to be measured 
having been marked out with poles, the chain is managed by 
two men— the leader and the follower. The leader takes one end 
of the chain, and draws it in the direction of tho pole towards 
which he is steering; tho follower holds the other end of the 
chain at the peg or mark where the line begins. The leader 
carries ten arrows ; these arrows (sco Fig. 8) are pina made of 
iron wire about i\^ inch in diameter, pointed 
at one end, nnd fiirmed into a ring 2 inches 
in diameter at the other end, and may be 
any convenient length from 13 inches to 
20 inchcH ; to render them more conspicuous, 
a piece of coloured ribbon is tied at the, top of each. The 
follower dirt'ctfl the leader to the right or left until the cham 
is drawn tight in an absolutely straight line for the next pole ; 
the leader then places an arrow at the end of the chain, and 
lets the chain lie upon the ground until directed to drag it 
forward. In case there arc two marks in tho requisite line 
behind the leader, he can put himself in direction liy turning 
round scj as to face the follower, and then moving the chain till 
be has placed it in a line with the guiding poIcB or pegs. Whilst 
the chain is lying on the ground, offsets can be taken to any 
building or other object to the right or left, or the distance of 
auy fence, diteh, pathway, etc.. that ia crossed by the chain 
may be exactly noted. On receiving a signal, the leader drags 
the chain forward another length, [tutting a second arrow in the 
ground. When signalled forward ngaiu, the follower takes up 
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the Brut arrow and advanctB to the Becond arrow, and so on ; 
thus the number of chains measured is always the same as the 
number of arrowa iu the hands of the follower. When the tenth 
arrow lias been placed in the ground, the leader drags the chain 
forward and lets it lie upon tlie ground in its proper position 
until the follower has picked up the tenth arrow and handed the 
whole ten to the leader, who must never receive from the follower 
less than ten arrows. Any breach of this rule will probably 
lead to confusion. In order to mark the end of the chain when 
the leader has no arrow in his hand, he must make a mark \s-ith 
a wooden peg. After receiving from the follower the ten arrows, 
he puts one down beside this peg, thns marking the end of the 
eleventh chain. 

Heasorlng Rough Ground. — Iu measuring over hillocky ground 
and through fences, copses, etc., it is necessary to draw the chain 
straight between the arrows, otherwise the length will measure- 
greater than it really is. In order to make it straight (that is. 
nearly straight), it is necessary to pull tiglit, though violent 
pulling IB unnecessary and injurious. 

In measuring up or down a bank, the length of the slope 
being greater than the horizontal distance, the measured length 
will be too great for a plan. In order to measun^ the correct 
horizontal length for a plan, it ib UBual, when measuring 
downhill, for the follower to hold his end of the chain on the 
ground, and for the leader to 6x a pole vertically in the 
ground at some convenient length, and then to hold the chain 
on a level with the starting-point agfunst this staff, and road 
the length ; the horizontal distance 16 thus measured in stopR 
(see Fig. 4), This method is only adopted for very short slopes, 
or in case the surveyor has no instrument for measuring the 
inclination. 

In the case of a long uniform slope, the length of the Hlope 
is measured by drawing the chain straight down it, the angle of 
the elope is taken with ii suitable instrument, and the length of 
iho Bloi>e as measured is reduced by calculation to the true 
horizontal distance before putting the length on the plan. 

It is sometimes a good practice to put a wooden peg into the 
ground at the end of every tenth chain, from which mcasure- 

£can bo taken at some later period of the survey, 
lug a Line throogh Obstructions. — The measurement of 
ZZ" " 
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vail. In this case it is neceBsary to measure up to the stone 
wall, which is say 48 links distant from the last peg, the thick- 




FiQ. 4.— Meaanring in steps. 

ne&8 of the wall is found hy measuring on to the top to he say 
3 links, making the distance through the wall 51 links. The 
follower then, taking hold of the fifty-first link, holds it against 
the foot of the wall, and directs the leader as hefore where to 
fix the end of the chain. 

In a country containing many trees, it is often difficult to 
set out a line which may not lead into the trunk of a tree. In 
such a case there are three courses to he adopted : the first is 
to cut down the tree ; th£ second is to end the line at the tree ; 
and the third (sec Fig. 5) is as follows : Measure at right angles 
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Fifi. 5. — ObstractioQ to Bnrvey-line. 

to the line an offset (A to B) longer than the width of the 
obstruction, and at 2 chains back measure another offset 
(C to D) of equal length, and at 4 chains back a similar offset 
(E to F) ; three poles set np at the end of these offsets will be in 
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a Btraight line parallel with the main line. Thin line is then con- 
tinued for a distance of G chains past the obstruction, and three 
offsets, PQ. RS, TU, set out from this parallel line in the 
opposite direction to the three original offHcts ; three poles set 
up at the end of these three offsets at Q. S, U, will be in a 
straight line, and a continuation of the original line. The 
same course may be adopted if the original line mns into a 
building. 

Chaining TTadergroond. — Wlieu chaining in the mine, arrows 
are not usually employed, because the ground is too hard for 
them to pierce ; the end of the chain is usually marked on 
stone or rail with a piece of cbalk, and the number of the 
chain written by the side of the mark; the leader chalks on a 
piece of stone the figures 1, *2, H, -J, 5, etc., up to 10, or marks 
(/, //, ///, ////. /////. //////. ///////.etc.), and then begins again. It is, 
however, seldom that the lines in an underground survey reach 
a length of 10 chains. 

This system of marking the length leads to many errors ; 
the attention of the leader and follower and surveyor may be 
called off. and the number of chain-lengths forgotten ; and it 
would save many errors in measurement if the system of arrows 
ado])ted by surface surveyors was copied in the mine. Instead 
of an arrow, a simple ring of metal would suffice ; the eud of 
the chaiu would be marked by the chalk h.h UHual. and the ring 
of metal laid down beside it would form an autrfjniatic counter 
of the number of chain-lengths, the leader starting with lU rings 
in bis possession, and the follower, taking the rings up, will 
know the number of ciiain-leugtha by the number of rijigs he 
holds. At the end of each line the follower \\uuld give up 
his rings to the leader, who would always start with ten rings. 
So many of the lines measured in mining surveys are, however. 
'leas than 1 chain in length, and the length so seldom exceeds 
n chaina, that mining surveyors &h a rule have not thought it 
worth while to adopt such a system ; but the writer's expcri* 
euoe leads him to think that it nutild lead 1j u cousiderable 
Bftviog of time. It rarely happens that the end of any line to 
be measured corresponds exactly with the end of the chain ; 
therefore, except in these rare cases, the chain should be drawn 
forward past the dial or mark iudicating the end of the line, 
and then the exact distance to the mark read off upon the chain. 
If this rule is always observed, it will be conducive to accuracy 
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of measurement, as the chaiu will al'nays be read from the 
follower's cud. 

Surveying-poles. — These are used for marking out the line to 
bu measured, and generally Vfu-y in length from 10 to 15 links ; 
a 12-Iink pole is a very convenient length. It is generally made 
of pine (see Fig. C), about \\ inch diameter at the base, gradu- 
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Pig. <S. — Surreylng-pole. 
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ally tai>ering to '\ inch at the top ; the base is shod with iron, 
about tl inches in length, ending in a point ; with this iron 
point a hole can be made, even in haid ground, iu which the 
pole can be fixed. 

It is neoeesary that the pole should be perfectly vertical, as 
it frequently happens that only the top of it can be seen over 
hedges or other obstructions ; therefore, if the top is not over 
the point, the line will cot be »et out straiglit. Fig. 7 Bhows a 
surveyor in the act of fixing a pole in line 
with two other poles. The surveyor, desiring 
to mark out a line, fixes two poles in the 
desired direction, at a convenient distance 
apart, say 20 to 50 yards; be then fixes a 
third pole in the same line at a further 
4hstance of say 20 to 50 yards ; if these polos 
oi'c in a straight line, when standing behind 
ouB pole at a distance of say 10 yards, and 
closing one eye, the other two polos should 
be invisible. A fourth pole is now fixed in 
the same line. The lirsi ]>ole can now be 
taken out and placed in advance, forming the 
fifth mark ; then the second can be taken up 
and placed in front, forming the sixth mark, 
and BO on ; by means of these four poles a 
straight line of any length can bo marked out across the 
country. If three poles are always in the ground, it will he at 
once evident if one of them has got moved. 

In practice a good deal of care is rei^uired to keep the lino 
quite straight, as it is not always easy to fix the poles perfectly 
ulumb, or tbey may be blowu on one side by the wind, or znay 
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be inaccurately fixed to the extent of half an inch. If tho third 
pole is tiO yards in advance of the tirst pole, and half au inch out 
of its correct position, that is a deflection of 1 in 60 x 3ij x '2. 
or 1 in 4320. This deflection in a small sarvoy might not be 
very serious, but the dellected line may bt- deflected still further 
in the same direction, and the error of I in 4000 may soon be 
increased to 1 in lOOO. 

For setting out long and important lines, the eye of the 
sarveiyor is often assisted! by the telescope mounted on a theodolite 
stand. With a good instrument and great care almost perfect 
accuracy may be maintained in poling out a line. Hometimcs 
small flags about a foot square are fastened to the top of the 
poles to make them more conspicuous. The poles are all painted 
block, red, and white in alternate lengths of 1 link (.or 1 foot), 
so as to make them more easily risible, and this also fits them 
for use as measuring-poles. 

For special purposes, as, for instance, for use in a large 
trigonometrical survey, poles of extra 
length and strength are used ; these 
are maintained in a vertical position 
by means of guy ropes (see Fig. 8) 
fastened to i>egB in tbe ground, or to 
weights. Sometimes a pole ia tixed 
on a wooden frame. 

It happens very frequently that it 
is necessary to range a straight line 
between two flxed points, neither of 
which is visible from the other, or, if 
visible one from the other, it is in* 
eonveuieut to go to either of tbem so 
i|«s to range out the line from the 
t>e£inning; but whilst one of these 
points is invisible from the other, 
they are both visible from un elevated 
piece of ground between them. The 
sorveyor and his assistant pK>cced Lu 
this intermediate position, and, each 
holding a pule and standing about 
50 yards apart, face each other, placing themselves as nearly 
t^s they can guess in a line between the two fixed points, 
and B (Kig. 9). The surveyor at D', looking towards A, motions 
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the assistant at C into the lim? AC'D' ; bis aesistant at C 

looking towards B, motions the surve.vor into the line BD'C 

As tlie surveyor is moved towards the line BDC, the assistant 

^ has to bo moved at the same 

a c i^ s ^ 



Fta % — .SetUng' oot a •trftight ttoa betwcca 
iwo pviultt not vwiblti fruu eaidt oUier. 



time towiirds the lint- ACD, 
and this movement is con- 
tinued until the two lines cx- 
aittly coincide, then ACDB 
form one straight line. 



With a little practice this operatioa can be performed in two or 
three minutes. 

Where great accuracy is reqaired, a tbeoilolite may be used 
to check the positions C and D, first erecting it at D to ascertain 
if C is in the straight line ACD, and then erecting it at C to 
ascertain if D is in the straight line BDC ; a central position 
E may be marked out with a peg, and a centre line accurately 
fixed; a transit theodolite may then be fixed over this and directed 
towards A ; when the telescope ia reversed the cross-hairs should 
bo upon the station B. 

Although four poles are suflicient with which to mark out a 
line, it is usual to have more, perhaps seven or eight, in one 
line. With six or seven poles standing in a line there is less 
chance of a divergence from the original direction, because 
although three poles ore sufficient if there are no accidents, still 
if two of these should bo accidentally knocked a tittle on one 
side, the direction would be lost. As each pole is pulled up, a 
peg is put into the hole to mark the place, so that the line may 
be easily found annther day. The kind of peg that is used 
varies according to the circumstances of the case; sometimes a 
small twig cut from a hedge ia the best kind of mark, as it is 
not likely to attract attention ; on other occasions a piece of 
wood about 18 inches long and 1 i inch square, pointed at one end 
and flat at the top, may be driven in. For a permanent station 
it is, however, necessary to have a stake which cannot bo easily 
withdrawn, say 3 feet long and 4 inches sijuare, driven down 
till the top is but little above the ground, with a cross-mark 
nicked in the top to show the line of survey. Pegs of this kind, 
however, should not be put down iu a place where they will 
inlerfere with agricultural work, Huch as mowing-machines, but 
should bo placed by the side of a hedge or ditch, where they 
will be no impediment and attract no notice. 
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TABLE SHOWIKG THE EQUIVALENT VALUES OF VARIOUS 
MEASUREMENTS. 

Lineal Measure (Lkmoth). 



Wlc 


ChftiDB. 


Vftrd*. 


Keet. 


Links. 


Incbea. 


1 
■0125 
■000568 
■000189 
000125 
0000158 


80 
I 
04545 
01515 

■(H 
-(K)]26 


1760 
22 
1 
333 
22 
■0278 


5280 

66 

3 

1 

-66 

■0833 


8000 
100 
4545 
1515 
1 
126 


63.3C0 

792 

36 

12 

7-92 

1 






Sqdark Meabdrb (Abea). 






Acre*. 


Boodx. 


I'erches. 

160 
40 

1 
0331 

■00367 
■0000255 


Sq. j'krdK. 


Sq. feet. 

43.560 

10,890 

272J 

!) 

1 

■00694 


Sq, Iscliefl. 


1 

-25 

■00625 

0002(66 

000023 

■000000159 


4 

I 
025 

■000826 
0000918 
-O0OO0OG4 


4840 
1210 
30^ 
1 
■111 
•000772 


6,272,640 

1,568,160 

89,204 

1,296 

144 

1 




I Bq 


oare mile ^ 


27,878,400 Bq 
3,097,600 sq. 


feet. 





' 640 acres. 
Acrea x ■00156^25 = sq. miles. 
8q. yards x ^000000323 = sq. miles. 

10 sq. chains = lOOOOO 8*1. Uiiks = 1 acre. 
46,656 tiub. ioches = 27 cab. feet = 1 cub. yard. 

XuTC. — Tlie above tables will bo found to comprise many of the data needed 
br the surTeyor. To use the tables : Suppose it is required to cortTert yards into 
links. On referring to the table we find 1 yard ia equal to 4^545 links, so by multi- 
plying yards by 4^545 we g«t the equivalent distance in links. Other nnita of 
u]ea8ur<'ment may be converted in a similar manner. 
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METHOD OF BURVEYINO ON THE SURFACE BY MEANS OF CHAIN 

AND POLES. 

For the purpose of making a survey on the surface of an estate 
of moderate size, say 1000 acres, it is not necessary to have 
expensive instruments. A score of straight poles, a good 
Gimter's chain, ten arrows, an off-set staff or tape, and some 
pegs to mark the stations, are all the instruments required ; a 

compass and theodolite may 
be very useful and advan- 
tageous, but they are not 
absolutely necessary. 

The method of making a 
survey with chain and poles 
may be explained in the fol- 
lowing manner : Let Fig. 10 
be the plan of an estate on 
level ground, of triangular 
form ABC. From the point 

A, B is visible; fix a pole 
at A and another at B, and 
measure the distance A to 

B. From the point B, C is 
visible ; fix a pole at C, and 

From the point C, A is visible ; 
The measurements are entered 

A to B, length COO links 
B to C, „ 900 „ 
C to A, „ 800 „ 




Fig. 10. — Simple snrfaoe Biirvey. 

measure the distance B to C. 
measure the. distance C to A. 
in a book, thus — 

Line No. 1 
„ No. 2 ... 
.. No. 3 



The survey is now complete, and, if the lines have been measured 
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nccuraiely, tbes€ three measurements arc sufficient for the 
production of an accurate plan. 

It will be seen that A, B, and C are angles, sud that the 
figure measured is a triangle (from Lat. ^r*'*, ina, three, and 
anpulHs, an angle, meaning a tigme with three angles). The 
length of each side has heen measured, but not the angles; so 
that if only two of the sides had been measured the lines could 
not be drawn ou paper in their correct i>08ition as regards each 
other. Having got the lengths of the three sides, however, 
they can be plotted with the aid of an elementary knowledge of 
geometr)'. 

Plotting a Triangular Survey. — The method is explained by 
reference to Fig. 10. The line No. 2, being the longest, is 
drawn on the paper, and the length marked by means of the 
scale (Fig. S4). The scale is 1*2 inches in length ; each inch 
represeutH a length of one chain, or 100 links. Tlie scale may 
be made of cardboard, boxwood, ivory, or metal. It is generally 
made of boiwood or ivory, the length of which is not appreciably 
affected by temperature ; each inch is divided into ten parts, 
each part representing 10 links. A needle-pricker is used to 
prick out the ends of the line, the prick-hole being surrounded 
with a little ring sketched with the pencil. The compasses 
(Fig. 65) are now opened, and by means of the scale set to the 
length of line No. 3. (800), and with their aid tho arc WX is 
drown from the point C. The compasses are now adjusted to 
the length of line No. 1 (GOO), and from the point B the arc 
YZ is drawn ; this intersects the arc WX at the point A. By 
means of a straight-edge the lines CA and AB are now drawn, 
Rod the plan is complete. 

To test the accuracy of the drawing, the scale should be 
laid ou tho line AB, which should measure fiOO, and on the line 
AC, which should measure BOO. If the lines, when measured, 
are found incorrect, it shows that the compasses have not been 
st to the right length. 

Booking a Surface Survey. — If tho survey is ]i1otted by the 
person who measured it on the ground, there is no dilti- 
eull^ ; if, however, it is measured by one person and plotted 
by another, the notes of the survey as above given are not 
saffioient. beeanee the point A, instead of being as shown, 
might be on tho other side of tho line BC, as shown by the 
dotted lines. It i& therefore necessary that the surveyor 




30 



MINE SURVEYING, 



sbould make some sign in his note-book of the direction in 
which he turns, and the way of booking the above survey would 
be as shown in I'ig. 11. In this the angles are sketched by the 
surveyor looking the way he is going. The longer side of the 
angle represents the direction in which he is going, the shorter 
sidu represents the diret'tioii of the line which he is leaving, 
and, in plotting the lines AB and CA witli the compasses, they 
. must be drawn on that side of the base-line 

^Oo which will give the anglus corresponding to those 

J sketched in the Aeld-book. If the bearing of 

^ ^ each line is noted, this woiUd do instead of 
sketching the angle. 
For the purpose of plotting lines 1 and 3 on 
the proper side of the base-lino No. 3, it is not 
necessary that the bearing noted should be 
Co accurately observed ; it would be sufficiently 

SOO near if the note is made north-west or north- 

I eaHt, south-west or south-oast, as the case may 

I f4,Yt be. Tliis approximate observation hi the bearing 
'Vl can, of course, be made immediately by a glance 

towards the sun if it is shining, or, failing that. 
by the aid of a magnetic pocket-compass. Thf 
htarhuj notfd in the porl,ct-b(n)h is that of the 
j}tvnt toirarih irhich the 8nrtr}/or is luoviny irhcn 
meagurivj the line. 

The survey above described is the simplest 
possible kind of land snr\'ey. and at the same 
time it is a type of every species of surface 
survey. No piet:e of ground can be enclosed in 
less than three straight lines. No lino can be 
measured on a cui"ve ; therefore every piece of 
ground must he measuied by straight lines. 
Solution of Triangles. — Plane triangles are composed of six 
parts, namely, three angles and three sides, and when three 
parts {one of which juuHt he a aide) arc given, the other parts can 
be determined. There are four cases; (1) Measuring the three 
sides ; (2) measuring two sides and the angle enclosed ; (B) 
measuring one side and the angles at each end ; (1) measuring 
two sides and the angle opposite one of them. 

In the system of surveying now under consideration, the snr- 
veyor has no instruments for measuring angles, and therefore 
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tbe first method — that of measuring the three Rides — is the 
iinly one open to him. and every part of the estate he measures 
mnftt be divided into triangles, of which each side is measured, 
and. if it is carefully done, a plan may be made of almost 
perfect accuracy. 

It is. however, inevitable that mietalies should be occasion- 
nlty made in the following ways: (1) by tbe lines of poles not 
being set out perfectly straight ; (2) hy the measurements made 
with the chain having some accidental error ; (3) by accidental 
mistakes in the position of pegs or other marks, and in booking 
or plotting the survey. 

Tie-lioea.^In ordt^r to detect such mistakes, it is necessary 
to measure tic-linee. With a proper system of tie-lines it is 
impossible for any error to escape detection (except where 
detuiU are filled in by 
unchecked oflfsets). Ko- 
ferring to Fig. \% the 
triangle ABC is the plan 
of an estate, the sides of 
which havelwen measured 
and found to be as follows : 

AB, r>50; BC. «-20; and 

AC, filKl. A tie-line is 
then run from A to D, 
measuring 485. Tbe 
length BD is also mea- 
«nred, '2JtM. By tbis means 
the large triangle ABC 
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i« divided np into two smaller triangles, ABD and ACD. In 
plotting the survey, the large triangle ABC is first plotted, 
tbcn the distance BD is marked off on the line BC ; the distance 
AD should then measure i8y. If it does not measure exactly 
■185, it shows that there is some mistake in the measurements, 
knd they must be measured over again until the error is dis- 

kvered. If, on the other hand, the line AD does measure 
exactly 485. it is strong evidence that the survey has been 

icnrately made. 
It is, however, just within the bounds of possibility that, by 
a combination of errors of measurement, a plan might be pro- 
duced that was not correct, notwithstanding the tie made by the 
line AD. Such a combination of errors is in the highest 
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degree improbable ; but if absolute proof is required, another 
lie-line mu.st be measured. It is aiRO belter to have two tic* 
lines for another reason : in case an error should have been 
made, it is useful to know which of the measurements ia most 
jirobably wrong ; and the more lie-lines that are made, the more 
quickly and certainly can llie exact position of the mistake be 
detected. To make a second tie-line, measure on the line AC 
the length A to E, 2f>0 ; then measure the length B to E, 500. 
When the lines 1, % 3, and -i have been plotted, then on the 
line AC measure the length A to E. If the distance BE 
measures 'lOO on the plan, it is conclusive evidence that the 
survey and plan are correct. There is, however, otlier evidence. 
The lines AD and BE intersect at the point F, and the dis- 
tances BF 3*28 and DF IGl should be noted in the survey-book. 
By subtraction, the lengths EF and AF are then known. The 
large triangle is now divided into seven triangles and one trape- 
zium, of each of which the measiurements are known. If all 
the measurements, as sealed on the plan, agree with those in 
the note-book, it is incontestahle evidence that the plan is abso- 
lutely accurate ; and this proof of accuracy is obtained merely 
by measuring two tie-lines. 

The student who Is unfamiliar with the practical difficulties 
in the way of making an accurate plan may possibly be inclined 
to think that the sketch in Fig. 12 shows an unnecessary 
number uf tie-lines ; hut that is not the case. In ordinary' 
practice a good surveyor makes so many tie-lines that the pos- 
sibility of accidental error is entirely eliminated ; and if the 
plan is wrong, the fact that an error existed someivhrre must 
have been discovered when plotting. Most of these tie-lines are 
measured, not merely as tie-iint's, but as lines of survey neces- 
sary for the location of fences, buildings, rivers, pits, or other 
objects, the position of which must be correctly marked npou 
the plan. 

Offsets. — In the preceding examples it has been assumed that 
the boundary-lines to the estate, in the form of a triangle, wer« 
perfectly straight lines, and coincided with the lines measured. 
In practice, however, it seldom happens that a fence or wall 
continues straight for any considerable distance, and, in order to 
survey this fence or wall, it is necessary to set out and measure 
a straight line beside it ; this line proceeds to the end of the 
fence, or until it turns away in another direction. Tor tbe 
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second fence, or for tlie altered direction of tbe first fence, 
nnothcr line has to be set out and measured ; this is shown in 
Fig. 18, which is a co^iy of a portion of a field note-book. The 
thick lines here indicate the fences, and the thin lines those 



surveyors poles. Line 1 is 
beginning It is seen that the 
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which are marked out by the 
shown 980 links long. At the 
fcjice is (> links io the left hand ; 
at 400 links along the line the 
fence is 7 links to the left hand, 
and it is observed that between 
these two [loints the fence is 
jierfectly straight. These two 
meHSuremeuts to the left, and 
7 links respectively, are called 
" offsets." An offset is always 
measured at right angles to the 

rvey-liue from which it starts, 

id in order that they may be 
correctly measured, it is essential 

Lt the surveyor should be able 

mark out a line at right angles 
by pointing a pole from the sur- 
vey-line to that part of the fencu 
which is at right angles to the 
place where he is holding the 
pole. If the offsets are merely 
intended to show gentle curves 
m a hedge, it will not be of any 
appn;ciable importance whether 
the line of the offset is measured 
at au angle of 70^ or IK)- from 
the survey-line. If, however, 
the offset is intended to denote 
tbe correct position of the comer 
of some building or other land- 
mark, it is, of conrse, of the utmost importance that it should 
be correctly set out at an angle of 00^. 

A competent surveyor cannot fail to mark out a short offset, 
not exceeding, say 15 links, with sufficient accuracy for the 
ordinary landmarks in a survey. Should the offset, however, be 
longer, every important mark should be lixed by triangulation. 



Kio. 13.— PorUonof BorvByor'i Qeld 
noto-bixik. 
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Od referring to Fig. 13. it will be seen tliat the fence ceases to 
be perfectly sti'itight beyond 40U links, therefore offsets have 
to be taken at 500 and at 550 links; at 600 links the liue 
passes a building, tlie end of which forms a portion of the 
boundary. The position of this is ascertained by the offsets. 
At 930 the lino crosses another fence ; at 1150 there is an ofifsot 
of 10 links to the left to the first fence ; at 980 the line ends ; 
there is au offset of 11 links to the &rst fence and to the fence 
comer. No. 1 hue comes to an end because the boundary 
fence turns sharply to the right. It is therefore necessary to 
set out No. '2 line in the direL-tion the boundary now takes. 
The fence is rather crooked, and the offsets arc therefore closer 
together than was necessary on No. I line ; and at 40 links 
fnmi the beginning of the line the fence bonds to the left, 
forming a bay. 

Unless the exact line of this fence is a matter of importance, 
the surveyor would take the inner points of the bay by mea- 
suring the offsets at 11 and GO links, and these offsets are 
only 21 and 23 links long respectively; and, indeed, it is not 
au uncommon thing to measure an offset 40 or 50 links m 
length ; but the surveyor cannot expect to set out an offset of 
that length with precise accuracy without the aid of aome 
instrument. 

Degree of Accuracy of Offiet depends oa Scale of Flan. — 
In plotting a plan, however, on a scale of say 2 chains to 
an inch, the thickness of an offset line represents a distance 
of 2 Hnks ; and therefore precise accuracy in measuring 
the exact shape and position of every little twist in a he<lge 
would be wasted, becausi- it would be impossible to repro- 
duce this accuracy on a 'i-cbain plan. If. however, the plan 
were to be plotted on a larger scale, say 2 inches to 1 chain, 
or on a larger scale still, as for building puqioses, then the 
measurements must be taken with extreme accuracy, because 
any defect will appear on the plan. For such a inurpose 
the position of the comers of the bay must be accurately 
found out by triangulatton. and the tie-lines shown in the 
figure; 27 and 2B links long respectively must be measured 
(for such measurements a tape is generally used), and from the 
main offsets branch offsets are measured, as shown by the 
figureH 1 and 2, so that the exact shape of the fence may be 
a.scer1ained. 
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Vote-book not to Scale. — It will be ohsei'ved that in Fig. Id 
tbe line 2 is only shown for a length of 7*i links, and line 1, 
1(80 links long, occupies little more siiace ou the paper. That 
in because the iigure does not represent a plotted plan> but a 
sketch in the surveyor's book. It is neceesari,- that every 
me-aaarement should be clearly shown ; thus where the oflfsets 
are few, the uiensureraent on a lino of great length only occupies 
a small spat-e in the field-hook ; on the othur hand, where the 
offsels are many, a line of short length may occupy several 
pages. 

It will also be observed that the number of offsets to be 
taken will not only depend ou the nature of the fences, but on 
the scale of the plan on which they are to be marked. 

Survey-lines. — The student will now understand that on© 
of the chief purposes of a aurvey-Iiue is that uf a base from 
which to measure offsets to the fences, buildings, etc., and that 
this base must be sufilicienlly near to the objects which he 
desires to put upon the plan to enable him to set out 
right-angle offsets to them by tbe eye. This being so, his 
knowledge of the sysLeni by which the laud in Great Britain 
and Ireland is divided into small lieldB by hedges and waits, 
which are generally crooked, will suggest to him that, as a 
general rule, it will bo necessary to rim a survoy-luio by the 
side of every fence, whether this fence be merely a division 
betweeen two fields or the boundary of a road, railway, or 
estate. It is also necessary to run a lino past every building, 
and fre*)uently two, three, or four lines have to be run to fix 
with tbe necessary precision and certainty the position, shape, 
and dimensions of some building of only moderate' importance. 

How to survey an Estate.— Fig. 14 shows the plan of a small 
estate divided into ten fields by walls, hedges, and fenceu; it 
contains two pit-shafts, colliery buildings, a <;hapcl, and a 
Bobool. The surveyor is instructed to make an accurute plan 
of the surface. The owner of the property or his agent 
points out to him the boundary- lines, indicating in each case 
whether his boundary is the centre or side of a ditch, or the 
WDtre of a hedge, or the side of a wall. The surveyor makes a 
rapid hand-sketch, similar to the plan in Fig. 14 (but neces- 
sarily rough and disproportionate), and is now in a position to 
begiu the survey. His first stop will be to mark on the sketch 
the lines which he intends to measure. The longest line which 
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can be measnrod forms, as a rule, the best baso-lino ; this, bo 
finds, is from south-vest to north-east, and is marked No. 1 on 
the plan ; No. '2 line is set out beside a boundary fence, also Noh. 
3, 4. 5, 6, 7. 8, 9, 10, 11, 1*2. Those twelve lines suffice for the 
delineation of the boundaries, but additional linos are necessary 
for the internal fences and buildings, and lines 13 to 33 are set 
ont- These lines are set out, not with special regard to the 
constmction of triangles, but to tboir convenience as lines from 
which to take offsets to the fences, etc. It is, however, found 
that a complete system of triangulation is made if some of the 
internal lines, as first sketclied out, are prolonj^ed a little. Thus 
line 13, starting at the point a, and proceeding to b, may be 
jirolonged as indicated by the dotted line to the point c ; line 

17, beginning at the point il and proceeding to c, may be 
prolonged, as shown by the dotted line, to the point/; line 15. 
beginning at ;f and ending at h, is prolonged to t; lines 10, 

18, ll), and 2(i arc also prolonged, as shown by their dotted 
extensions. If all these lines are correctly measured, an 
aecnrate plan of them may now bo produced, and, by means of 
the offsets, tho fences and buildings may he correctly put down. 
Oat of all the 38 lines above mentioned, No. 1 is the only one 
which has not been set out along a fence, and which servos no 
other piirpnsi>» than those of a base-line and a tic-line. 

Estate divided into Triangles. — At first sight the student will 
fail to see that most of the estate has been divided into triangles. 
but on careful examination ho will detect a good many, which 
ure marked on the plan A, i^, .S^, etc. ; there are, in fact, 
nine triangles, of which, however, only Nos. 1 and 2 are of large 
dimensions. 

Hypothetical Triangles. — In addition, however, to these nine 
triangles that have really been laid out across the fields, there 
are a number of other triangles which may bo legitimately 
completed by a hypothetical line which can be measured off 
the plan formed by jjlottiug the former triangles. Thus take tho 
comer x formed by the junction of lines 11 and 12; it is the 
apex of a hypothetical triangle, the other two corners of which 
are at o and <-. " is tho starting-point of all the measure- 
ments, and is therefore the ^Hiint first marked upon the plan ; 
« is fixed on tho plan as the apex of the triangle Js, formed 
of poiiions of lines 1, 10, and 13. These two points being fixed, 
it is eafiy with a scale to nieasm-e th*.- distauce " to c, which 
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is the base of the hypothetical triangle of which :r is the npt'x. 
In order to put .:f ou the plan, the compasses would bo set to 
the length ox (line 12), and from the centre o au arc would 
\m described ; tho compasses would then l>e set to tlie length cr 
(line II), and another arc described, intersecting the previous 
arc at the point .r. 

To take another instance, point / is the apex of a hypo- 
thetical triangle of which the other corners arc at // and d ; the 
lH>iut (/ is on the base-line; the point </ has been fixed on the 
plan by means of tlie triangle /h, formed by the lines 1, 2, and 
15. Witli the compaeses set to the length {\f (line 3), and from 
the centre <;, an arc is described ; then with the compasses set 
to the length *// (line 17), aud from the centre th another arc 
is described, cutting the previous arc nt the point /. In this 
way the hypothetical triangle jM/ is completed. In a similar 
manner smaller hypothetical triangles at the north-eastern 
corner of the eatate ma^' be Het out. 

The whole of the boundary -lines are now fixed by these 
triangles, and the accuracy of the work is checked by the 
internal Udcb, which can now be flrawn in their right places 
without any further use of the compasBee. 

Tie-lines. — It will, however, be advisable to run some other 
lines across the e8tate> merely as check-lines; thus, from*/ to 
a; a tie-lino (No. B4) might be run passing through the No. 1 
pit ; this not only gives additional certainty to the points ;; aud 
X, but to the position of the pit, which is of the utmost iui- 
I>ortance in a mineral plan. The advantages of this tie-line do 
not end there, the point x being fixed by it independcntlj* of 
point c ; the position of point r can be fixed fruui the point -x, 
and its accuracy thereby confirraed. Other tie-lines should be 
measured ; for instance^ on line 11 the position of the fence 
corner p is only fixed by tho measurements at the meeting of 
lines 2tj and 11. On line 12 the position of the fence comer 7 
is only fixed by tlin meaHurements at the interaection of line 27, 
and therefore neither of these points has been ascertained with 
absolute certainty. A tie-line may therefore be run from d to 
;» (line 35) ; this gives additional sGcurity, not merely to the 
point yi, bxit to line *24 and to point «/ itself. A sliort tie-line 
(No. 41) from ^ to the line B4 will check that position. Other 
hbort tie-lines may also be measured, as 8I> and :^7 near the 
school-house and cha]>el, 38 to fix the position of No. 2 pit. S9 
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near the eoatbern boundary, 
and 4U at the back of the 
colliery workshops. By 
UjeSH forty-one lines and 
their offsets the survey is 
completed, and it is impos- 
aible thai an impirtaut error 
can escape detection. The 
figure now shows a total of 
thirty-four trianglea. 

Intertection of lines.— It 
is in tbo highest degree im- 
]X>rtaut that the crossing or 
interiiec-tion of two lines 
liliould be carefully noted, 
and tlie careful performance 
of this work is characteristic 
of a good sorveyor; it fre- 
quently involves a good deal 
of trouble, and therefore it 
IB frequently neglected by 
the hasty or careless sur- 
Tejor. The base-line is 
touched and crossed by the 
foIloiKiiig lines : No8. 2, 1'2. 
3i», 'IS, ^'2, 13, 1 1. :*-(, 20, 
$6, 20, 16, 17, 85. 37, 28, 
n, 6,21. 10, 31, and ft. It 
is not sufficient, however, 
to mark on the base-line 
the distance at which these 
lines cross or intersect ; but 
it must also be noted at 
what length on eai:h of tlio 
crossing or touching lines 
the intersection or meeting 
takes place. This is shown 
on Pig. 15, which is copied 
from the surveyor's note- 
book. 

Entry of Interiectioui and 
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Stations in Vote-book. — In this note-book the stadent will read 
the figures (w) = J'^ ; this means that at r>40 on the hase-line, 
line No, 28 starts^ and is on the r'ujhi hand of the base-line. 
Also (MMf := !f^: ; tliis Hieans that at 1010 on the base-line, 
line No. l^ croBses it at G65 links from its starting-point. 
'|p = Q); this means that at 2530 on the base-line, line 

No. 15, which ifl on the /<// hand of the base, reaches it at a 
distance of 1(500 from the beginning of line 15. 

The peg from wliich the measurements start is driven firmly 
into the ground, and its position is also fixed by a measurement 
to the corner of the field, shown in Fig, 15. The surveyor notes 
that he intends to start No. 2 line on the left-band side from the 
same point ; he notes that another Hue will join this peg from 
the right-band side ; but he has not yet given the line a number, 
and the note ^V-i^ (that is. 2000 in line No. 12) on the right- 
hand side of the page has been added at a later period of tlie 
survey after line No. 12 had been set out and measured, and 
was found to be 2000 links in length from its beginnuig up to 
the starting-peg of No. 1 line, where it ended. At 540 a peg 
was put down as a convenient place for starting another line, 
which was subsequently found to be No. 2H ; at 846 a second 
peg was put down as a convenient place for starting a line, 
which was subsequently found to be No. S'l; at 1010 a third 
peg was put down as a convenient place fur the intersection of 
another line. As the surveyor measures the line, he leaves 
pegs (noting the distance) at suitable places for the starting, 
ending, or intersection of other lines ; the numbers of these 
lines be, perhaps, cannot foresee at tlie time. Spaco must be 
left in the note-book for figures which liave to be added after 
the intersecting or touching lines to which they refer have been 
measured. 

lieferring to the intersection of line 84, it must be under- 
stood that the place of iatersection, 1845, was not noted when 
the line was first mcaanrod, and fur this reason — tbat the exact 
position of the intersecting tie-line cimld not be foreseen. 
When, however, lino 34 was nm and came across the base-line, 
poles were fixed in some of the stations previously left on the 
line, BO that the exact point of the intt^rscctiou of the two lines 
could be established ; then a measurement was taken from a 
station prcWonsIy measured on the base-line, as, for instance. 
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the station at lUlO. In meatiuriiig from this tu tlio intoi'section 
of line 34, two hedges are crosHcd, and the survey-line No. 14. 
30 that there is little poBsibility of 11 mistake in identifying 
the station from which the measuremem was taken. In the 
same nay the position of the station looO on the base-lino, 
whtre Ko. 'Jti ends, is found by remeasuring a portion of the 
ba«e-Iina 

The same care has to he taken in crossing other lines, as, 
for instance, the tie-lino No. M crosses lines 14, 1, 13, '29, 33, 
82, aud 'l~ ; and the j>ositIou of the intersection of all these 
tinea must bo noted with the »ame care as was taken in noting 
the intersection on tlie base-line, B}' this careful noting of 
intersections, the detection of any enor in the aurvoy is a 
certainty; and not only that, but the place of the error is 
ijuickly discovered, and the length which has been inaccurately 
measured nr incorrectly entered In the note-book can be 
measured over again, otherwise the surveyor miglit have to 
waste a great deal of time in remesRuring lines that ha<i been 
accurately measured the first time- 
Complete ¥ote-book,— Figs. 15 and 10 give tlie whole of the 
rey-book from which the plan Fig, 14 has been ]>lotted, and 
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the student is recommended to plot this survey witlioat referring 
to Figs. 14 and 17 until he has finished. Fig. 17 shows the 
order in which the triangles are plotted. 

Eailway Surveying. — Xhe mining engineer has frequently to 
set out railways for mineral traffic, and every surveyor ought 
to understand how to survey the country where it is proposed 
to make a railway. Fig. 18 shows a piece of country through 
which it is proposed to make the line which is shown by the 
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FiQ. 17. — Showing the order ia whioh the aurrey-Ihiea givcQ in Figs. 15 and 16 

are plotted. 

thick black curve, and it is necessary to make a plan of the 
fields, etc., through which it passes. The main lines of the sur- 
vey are marked 1, 2, 3, 4, 5, 6, 7, 8. It will be seen that the 
proposed line of railway starts in a direction north-west, then 
turns to north-east, and again to south-east; and the piece 
of ground sun'eyed is a strip about 12 chains wide, follow- 
ing the curve of the railway. By the careful measurement 
of the triangles, line 4 is accurately placed in relation to 
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line 1, and line 6 is accurately placed in relation to line 4, and 
the snrrey may thus be continued for a good many miles with 
great accoracy. It is essential that all parts of the surrey 
shoold be connected by two or more lines, so that all the 




Fio. 18.— Preliminary railway survey. 



measurements are checked. The lines Nos. 1 to 8 are the main 
lines ; numerous other lines ran alongside the fences and com- 
plete a network of triangulation that eliminates all chance of 
undetected errors. 
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When the student has once mastered the principles on which 
the plans Figs. 14 and 18 are made, he understands the whole 
theory of an ordinary surface survey of an estate ; and practice, 
combined with the requisite physical and mental faculties, only 
is required to make him a competent land surveyor. 
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INStnCMEKTS FOR MGA9DIUNG ^XQLES. 



It is cbaraotcristio of the mau of science to use every means at 
bis oommand for testiug the accuracy of bis obserrations. 
Referring to Fig. IH, plan of a railway survey, it is obvioun tbat 
if tbe beariugs of some of the main Lines were taken, tbat is 
to say of lines 1, 4, and 6, they would bo a cbeck upon the 
accuracy of the trianguhktion, especially if it were continued for 
a long distance, say 10, *20, or lUt> miles. P'or this reason 
Burveyors commonly use a magnetic compass to take tbe bearings 
of their main lines. With this informaliou they can quickly 
correct any very serious blunder that might have been made 
either in the measuring or in the plotting of the survey. 

tfagnetic Compau. — Tlie con^tniction of the magnetic compass 
ifl based on the wt-ll-knowu fact that a very light steel bar, hke 
a Itnit ting-needle, which has been magnetized, will, if balanced 
at its centre un a fine i)oiut, turn so that one cud points to tbe 
north and the other end to the south ; whichever way the needle 
19 placed originally, it is always the same end which seeks the 
north, that end is therefore calletl tht- north cud (meaning the 
norlh<Beekiug end) of the needle, and tbe other end the south 
end of the needle. The direction in which the needle points 
is not, however, towards the north pole (/.*.■. towards the pole 
star), but it is towards the magnetic pole. To an observer in 
England this magnetic pole is west of the true or geographical 
north ytolo. A person standing at Greenwich and looking due 
north would have the magnetic pole a little to tbe left of his 
line of sight. The diETerenoe between magnetic and true north, 
or tbe angle between the magnetic meridian and the geo- 
graphical meridian, is called inagnetie de<*liniUion. 

Declination of the Heedle.— On the 1st of January, lUOl, the 
magnetic neeiile at Greenwich pointed in a line about lfi° '2i\' 
west of tbe true or geographical north. The magnetic pole is 
eonstantly moving its position. Three hundred years ago the 
magnetic north in England was cast of true north ; it moved 
gradually westward until the year IsiK, when the needle near 
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London pointed about 'l\ 3h' west of tbe north pole. Since 
then it has been gradually returning eastwards. The move- 
ment in England is now approximately al the rate of 0* to ft' 
II year, or roughly 1° in Hi years. Apparently tbe present rate 
of movement is rather slower than the average of the last 3fi 
years, which has been fairly regular, averaging daring that 
period about 8 minutes a year in the neighbourhood of London.' 
Variation of the Declination. — The declination of the needle 
from the true north is not the same for all places; thus whilst 
the declination may bo ICV 20' west at Greenwich, and about 
the same at Worthing in Sussex, and Newmarket in Cambridge, 
it -n'ould be about 17'' 34' at Torquay, or Kidderminster, or 
Leeds, or Middle sborough, and IH^ 35' at Pembroke, or Conway, 
or Barrow, and 1£>^ 80' at (jlasgow. Tbe lines of equal declina- 
tion (or isogonic lines) for the British TRtes are shown on a map 
pnblisbed annually as a supplement to tlie CoUieiy (iininlian.'^ 
A somewhat similar map on a reduced scale is shown in 
Fig. 19. This map has been prepared by reference to the 
elaborate paper by Professors BiicUer and Thorpe, [lublished in 
the PkUimtphkal TrausaeUom, IBlKi. The isogonic lines drawn 
on this map represent average declinations ; there are a great 
many local variations due to various causes, such as the mag- 
netic character of the rocks, of which no account is taken in 
the diagram. The direction of these lines is north-easterly, and 
a person travelling along one of these lines, say from Torquay 
in Devonshire to Leeds in Yorkshire, and using the magnetic 
compass, would find the same declination from the true north 
along the whole line, but in journeying from London to Liverpool 
there would be a change in the decliuatiou every mile. By way 
of illustrating the use of thi» map, a surveyor in the Warwick- 
shire Coalfield will find that the isogonal marked 10 in 1H80 
passes through that district, and that the declination in January, 
1901, was it 15'. A surveyor in the Liver[K)ol district is on 
another isogonal, marked 20 in ISRG, and IR' 15' in 19UL Half- 

' Ererytlay there iit MilUlit nioT«iuoitt.kaownutU»<liurnal vftriatioD. Aooord- 
ing X» Froftwaor K. f^trnuJ, M A., D.S;;, llie newITo rmcliita iu WL-Alorljc maxiraum 
deviation nt 1 p.m., nad itfi maximum eatti^rl; at 10 p.m. (in the aaolhem liaioU 
e)ili»ro raat und vrottt unat bt> inli'tcliaiigod). Tliia variatiDri Ih nlmtit lU (aiuut«». 
or a hix\\\ vf « de-grui'. For ordctiHry buArin^i this ali;;bt rariittnn may bo neglooted. 
but when fixing Iho aorlli point on n plan, or in ollmr cum wbarc oxttt.-me airLMiroejr 
in dflRiriM), uoixjiint tnuiit bi) tnkeii of thiei vnriati'tn. The re-Kilvr \* rvrcrrod tothg 
paper by I'rofeMor Stroud, tu tbu PrcetfHnyt luH Mining Knginf:er4, vol. rii. p. StfS. 

* May be obtained froiQ thi* C-AUerg Gn[irJ(un office, 49. KMex Street, Slrnrid. Wf. 




TUi. I',* -MapieUc chart Toi the Britiith Isles. Bbowin^; tho lioci of equal tnn^etic 
dOtiUniitiMO, u lull] doBU \iy Profed^oni Ilucki-r and Tbori« in l^ti. Tba 
dotted line* wcr« Dbtnincd b^juioiu}; up Iho pointii whurc eijual doci inalioaa 
ven loood : the full liaet show the arcngo or mean lln«*. TIir flguru 
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DMtt-ly ai uDT tUu« by deductinjj 7 luin utnti per year Tor every y (*r sIdoc Ibal dikt». 
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way between these two isogonals, that is, in the neigh l>oui-boor 
of Crewe, the declinntlon in January, li>01, waea mean between 
17* 15' Rod 1ft- 15'. that is to say, 17" 45'. 

If a person were travelling along a line of latitude from east 
to west in England, the declination would increase as he went 
westward at the rate of about l"* in 100 miles on the south coast, 
and in the latitude of Hrrwick at the rat* of 1" in about 70 miles. 
If instead of travelling from east to west, he were to travel (in 
England) from north to south, that is to say, along a line of 
longitude, the variation would be about 1^ in 300 miles in the 
longitude of London, and 1" in 200 miles in the longitude of 
Falmouth and Milford Haven. If he were to travel north-west, 
as from London through Oxford and Cheltenham to Aberysi- 
with, the variation would be on the average at the rate of 1" in 
rather more than 80 mileH, and travelling from Whitby to Carlisle 
the declination would change at the rate of about 1* in 70 miles. 

If the traveller should get on board a ship and sail round the 
world, he would find that in some places the declination is west, 
in others east, and that in Home placts there Is no declination, 
that is to say, the needle points in the direction of the geographical 
north. 

For the guidance of mariners and others, ma]>s are prepared 
which show the decHuatiou of the iiee<lle in all parts of the 
world that have been explored by civilized man. A reduced map 
prepared from the Admiralty chart cojyrected up to 1900, is 
shown in Fig. 20.' In whatever locality a surveyor may find 
himself, the Admiralty chart will sliow him the declination of 
the needle, and the local rate of variation. Ho can, however, 
always ascertain the declination of the magnetic needle from 
the geographical meridian by observation, provided he knows 
how to mark out a line due north and south. For particulars 
of the various methods of finding the true north, the reader is 
referred to the chapter dealing with that subject 

In the magnetic compass the surveyor has an instrument 
with which he can observe how far any line which ho may have 
marked out varies in direction from a line drawn towards the 
magnetic north, or, as it is usually called, the magnetic meridian ; 
if he is able to observe the angle that each line makes with the 
magnetic meridian, he can easily calculate the angle that each 
ino makes with the other lines, thus be can calculate the angles 

> TtH> Admiralty uhikci* mfty be bad from tbe ■gvot, HI, 1'udIU7, I^udoD. E.C- 
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at the intersection of lines 1 and 1 in Klg- IS, and of lines 
4 and 6, and can thns check the accarac}' with which these lines 
have heeu laid do^vn on the plan. 

mariner's Compaw. — Before proceeding to further detail as 
to the method of using the magnetic needle, it will be well to 
describe some of the numerous forms of magnetic compass. 
The mariner's compass is the form mo8t generally known, and 
of greatest use, because by means of it all the fleets of the 
world are steered across the ocean. 

The novice, looking at a mariner's compass (see Fig. 21), 
might fail to learn that it had anything to do with the magnetic 
needle, because no needle is visible. The magnetized steel bar 
(or needle) is covered with a card, and, being supported at its 
centre on a sharp-pointed pivot, is free to revolve, and the card, 
being attached, moves with it; the instrument is enclosed in 
a brass case with a glass window, so that it is sheltered from 

the wind ; the compaes -holder is 
suspended in braa» hoops (gizn- 
hals), so that the horizontal posi- 
tion of ilie cai'd may not be 
disturbed by the motion of the 
ship. Inside the box or case are 
two marks above and in a line 
with the centre of the card, and 
on opposite sides of the card : 
these two marks are placed iu a line parallel with a line drawn 
through the centre of the vessel. If. then, the ship is pointing 
towards the magnetic pole, these two marks will coincide with 
the direction of the magnetic needle ; if the ship if* turned to 
the right of the magnetic pole, these two marks will be pointing 
in a line north-east of the magnetic meridian ; and if the ship 
is turned the other way, it will point north-west of the magnetic 
meridian. 

In order that the direction in which the ship is pointing 
may be ascertained without delay, the card is divided by marks 
called "points;" there are thirty-two points in the circum- 
ference, eight in each quadrant, so that each jwint is an arc of 
11* 15'. Thus: north, north by west, north north-west, north- 
west by north, north-west, north-west by west, west north-west, 
west by north, and west hegius or ends another quadrant. The 
other quadrants are liimilarly divided, and the outer rim of the 
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crM 18 divide<! into iJ60°. The direction in which tbo ship 
travfla is seen by ruading on the card the position of the fixed 
marks in the box ; one mark represents the bow of the vessel, 
imd the other the stern ; the bow mark is red. The card of the 
mariner's compass is shown in Fig. 2ti. 
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Flo. 22.— Cord of marinoi'B oompRea. 

Prinnalio Compaas.— A somewhat similar compass, called the 
prismatic compass (see Fig. 23), is used by land burveyors, but 
a light divided circle (generally made of aluminium) is often 
sabstitnted for the card over the needle ; it ia also fitted with 
ttights : ouo sight, A, has a slit ; the opposite sight, B, has an 
o[)eniug. doMij the middle of which is atrutched a hair or iither 
fine tlireod. This slit and hair are placed in the direction of 
the line of survey, and the bearing is read by a pointer in the 
box, which is iu the same lino an the sights. The instrument ia 
made so that the bearing may bo read whilst it is held in the 
band. In such a case it is necessary to road the bearing at the 
same instant that the sights come into the line. That this may be 
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(lone, a reflecting prism is placed jiisl below tlic top of tbo slit A, 
By means of thia prism the marks on the gra<1uaUd circle arc; 
reflected iuto the eye, and the mark which coincides with the 
liuc of sight iH the hearing. This method, of course, only 
suffices for rough approximations to the bearing. Where 
accuracy is required, the compass must be phiccd on a stand, 
and in some cases this stand is made of a single stick, the 
])uintc'd end of which h placed in the ground, and on the upper 
end is a ball-and-socket joint, by means of which the compass 
can Le levelled. 

In some ruses a tri[>od stand is used, and this is suitable for 
underground work. In order that the correct bearing may be 

rend, it is necessary that the circle 
should be marked as if the north 
end of the needle were the soutii 
end. Suppose the observer is look> 
iiig towards a stafl*, light, or other 
mark north of him, the north end 
of the needle will, of course, be at 
the opposite side of the compass* 
box to the observer ; therefore the 
observer can only rend the south 
end. If this end is marked "south, ' 
tht? observer would be apt to book 
that reading, and afterwards imagine 
that he had i)roceeded in a southerly 
direction. To avoid such an error, 
the reading be observes sliould give him the direction in which 
he is moving, and therefore the letter N should be jdaced at the 
centre of the Bonthcrn semicircle, and the letter S at the centre 
of the northern semicircle, and the east and west marks should 
he put in their correct positions relatively to the north and 
south marks, that is to say, the letter E will be at the side 
which is really the west, and the letter W at the side which is 
really the east. 

Graduation of Circle.— The division of the circle into points 
as used by tbe mariner is not re*iuircd by the surveyor. The 
circumference is divided into degrees only, each degree being 
the three hundred and siKtieth part of the circumference. 
Counting from the N. end of the card, which is 0', and jiro- 
ceeding, sa^', towards the E. mark, tbe first quadrant, up to DO \ 
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is railed nurth'Cnst ; the second quadrant, from 90' to 180", is 
south-east ; the third quadrant, from 180 to 270", is Bouth-west ; 
the fourth quadrant, from *270 to HGO , north-west. In order, 
liowever, to facilitate the plotthig, it is a common plan to count 
both ways, from huth the south and the nortli ends; thus from 
north to west the de^rret^s may be figured (on an inner ring of 
figures) from 0' to W\ and from north to east also from 0' to 
90'' ; from south to neat in the same way thu figures go fi-om 0'* 
up to 9U\ and the same from south to east ; so that the bearings 
ore always read so many degrees from the meridian line, say 10^ 
nortli-ncst or 40 north-east, as the case may be ; or, if the 
observer is proceeding in a southerly diiection, he might be 
going HO' south-west or 'MV soutli-east, meaning that the bearing 
is the direction of a line proceeding from the centre pivot of the 
compass through a mark on the circumference SO" from the 
meridian line. The compass in made in various sizes from 1^ 
inch diameter up to f> inches; the common size is about 'i^ 
inches. The weight of the caid or metallic circle on the needle 
ia, however, some objection to the use of this form of compass. 



Fig. S4.— UeJIf^y Jiul nitli outside ii-eniier. 
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Hiner's Dial. — The dial iu the infltrnracnt generally used 
hy milling gun'eyors for taking bearings and angles. It differs 
from tbc two preceding forms of compass in this important 
respect — that the card or graduated circle ia stationary, and 
the needle swings clear of it. One of general utility is shown 
in Figs. 'lA and *25. Dials are made in various sizes, from a 
small pocket one, up to one carrying a needle 18 inches long 
(these large ones being for special work only). For general 
work the most usual size has a needle about 1^ inches long; 
occasionally a 0-incb needle is used. 

In France the needle in usually a thin flat bar, wide at the 
centre, and the sides gradually converging to a point at the 
extremities {u. Fig. *20). In England it is common to use a 
needle rectangular in cross- ^^ 

section, and nearly the same 
thickness throughout. Just 
at the middle it is a little 
wider, and near the ends it 
is drawn down to a fine edge 
i/», Fig. 2G). Sometimes, 
ioste&d of drawing the end 
down to au edge, a line is 
marked on the top to repre- 
sent the mid<Ue of the needle 
(f. Fig. 20). A piece of 
agate (stone) is securely fixed 
in a brass cap screwed into 
a hole drilled through the 
middle o( the needlt: from top to bottom, and in this agate a 
conical hole is drilled from the under side nearly through ; this 
agate rests on the shaqi point of hard steel of the pivot that 
carries the needle. The agate is hard t.-nough to resist the 
cutting effect of the steel point. The needle is free to revolve 
round the jwint in a horizontal plane. It is esseoitial that the 
friction on the jwint should be reduced to a minimum, as the 
magnetic force is very small, and is insufficient to overcome 
any but the smallest frictional resistance. 

The needle has to be so weighttnl that, nhcn iHa{fnetiz(fd, it is 
evenly balanced on the steel point or pivot; a small piece of brass 
clliti'iug the needle 6rmly, but capable of sliding along it, 
enables the balancing to be done accurately. 
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In course of yeiirs a needle is apt to lose its maguetisni, 
and requires to be remaguetized. This may bo done by taking 
ont tbe needle and unscrewing the cap. The north i>ole of a 
strong permanent bar majjnet is then stroTted down the needlf 
from the centre to tho south €u>i. The needle is then turned 
round, and the south jwle of the magnet is stroked from the 
centre to the north end of the needle. The needle is then 
turned over, and the process repeat<jd on its under side. 

It is important that the agate cap of the noodle, and the 
steel pivot on which it works, should be kept free from dust. 
The pivot Hhould also be kept sharp, so as not to interfere witla 
the free movement of the needle. 

The tup of the needle is level with the upiwr surface of a 
graduated circle which is fastened on to the dial-plate, and 
this upper surface is about | inch above the bottom of the dial. 
The graduations are carried down the vertical aide of the circle. 
This circle is divided into degrees, and if the end of the needle 
is not opposite one of tbe divisions, the surveyor has to estimate 
as nearly as he can the fraction of the degree beyond the last 
mark,thuK: i, I, |,i, ^, i', and ^ ; the bearing being, say, south- 
east 211" or ^1 as the case may be. 

Many surveyors do not profess to read to eighths on a dial 
of this size (ll-inch needle), and would only book quarters, a« 
211". It is, however, possible, with a well-marked dial and a 
well-made and properly magnetized needle, to read to even one- 
eiglith of a degree, which means that, Hupposing the hearing is 
booked by the siu'veyor as 211", ** i^ possible that he may be 
deceived, and that the real bearing is'iU^or 21^ ; but the error 
need not be more than i either way. 

E. and W. reverKd. — In the ordinary dial (Figs. 24 and 'Ih) 
the letter E is put on the west side, and the letter W on the 
east side of the dial-plate or graduated circle. Tlie graduatiouh 
are read by the help of two systems of Dguring. The outer set 
of figures are marked 10, 20, etc., up to 3G0. These figures go 
from north to cast, and continue round the way the sun 
travels; thus W. is at 00, H. at 180, and E. at 270. The 
other system of figuring is on the inside ring, and refers to 
the quadrants, as lU, 20, ;10, up to 90. Thus, counting from 
the north to the right hand are 10, 20, SO, etc., N.W. ; starting 
from the north to the left hand are 10, 20, 30, etc., N.E,; 
starting from the south to the right hand are 10, 20, 80, etc. 
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and starting from the aoulh towards the left-Imnd are 
10. 20. SO, etc., 8.\V. 

Xode of asin^ the Dial. — ^There tire two eigbts on tlie dial in a 
line with tho north and south marks on the dial-plate. These 
are shown in Fig. 2.5, tind coti>jiiit of folding urme hinged at the 
point r, so as to fold down when not in nse. Each sight Itaa in 
it s broad opening and a slit, and down the centre of the broad 
opening is stretched a hair. The observer takes a sight by 
placing his eje at the slit, and moving the sights until the hair 
in the opening opposite ia exactly in the centre of the object 
to which he is sighting. ^Vhen taking inclinations, tho circular 
holes shown are sighted in a similar manner. In using the 
dial the north (or N.) sight is always tiu-ned in the direction 
the surveyor is going. If he happens to bo sighting a station 
ItrJiinil him, then the south (or S.) end of the dial is turned 
towards tliis station ; if he happens to be going in a direction 
magnetic north, the north end of the needle will point exactly 
to 3G0° or 0" of the grailaated circle over the letter N ; if he 
happens to be going uorth-east, the line of sight will be to the 
right hand of the north end of the needle. 

To read the bearing, the surveyor looks at the north end uf 
the needle, and reails tho bearing agaiuHt which it points, say 
21° N.E. ; but, whichever way the surveyor goes, he must bear 
in mind to turn that end of tho dial which is marked N. (for 
north) in the direction in which he is going, and to read 
the bearing from the north en J of the needle. The north end 
of the needle is indicated by a mark upon it ; it sometimes 
cunsists of a notch, and sometimes of a brass cross-bar. 

Hedley Dial. — The kind of dial most commonly used, and 
perhaps the most oouTonient form that is made, is known as 
tho Hedley dial, and it ia this form of dial which is illustrated in 
figs. 24 to 2«. The distinctive feature of this dial is that 
Iho sights are not fixed on tho dial-plate, bnt to a separate 
ring outside, carried on hearhigs on each side of the centre dial- 
plale; tho circle carrying the sights can thus be moved up and 
Howu through an arc of about 60' either way, bo that a sight 
can bo taken up or down a vei-j' steep pla*e. Attachetl to the 
instrument is a semicircle for measuring vertical angles, the 
arm J (Fig. 2-t) is fixed to a projecting end of tho axis which 
carries the movable ring to which the sights are attached. The 
aemicirclf is fosteued by two studs to this ring, and is therefore 




Via. 27.— Food of diil, ibovlDg Uuldvu'a muUiod of meawiriag iuoluuUfcMM. 

through the small round eye-hole and the cross-hair of the 

opposite sight. The arm 
J always remains in a ver- 
tical ]>osition as long as 
the Nurface of the dial is 
kept level, and a pointer 
at the end of the arm en- 
ables the angle of elevation 
or depression to be read. 

The semicircle is gra- 
duated in quadrants, zero 
being at the centre, and 
the graduations extending 
to 90" each way. There is 
clamping-screw at the 
lower end of the arm J. by 
which the sights can be 
clamiwd at any desired 
angle of inclination, 
for m«nriDg iMlicaUoM. , Mcssrs. Halden make a 

dial with an improved arc 

for measuring vertical angles. Instead of an external attachment. 
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which may get broken, tho graduated arc is on the base of the 

compass-box, the traversing finger working on a centre near the E, 

)int of thf; dial (see Fig. '27). Another form of inclinomotor ifl 

[sliown in Fig. 27.V. This is made by Messrs. CasartelU, and con- 

dsts of a graduated brass semicircle, in the Bame line as the sights, 

rhich folds down on one side of the dial-box when not in use. 

Dial with Inside Vernier. — The dial is generally so made that 

it could be used fur measuring angles if the needle Tras taken 

laway, or if, owing to the presence of iron or other magnetic 

metal or rock, it cannot bo used. One form of this is t^hown in 

Fig. 28. On the inside of the dial-box is fastened an index or 
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Flo. 28.— Ueiiloj dial with iueidu reruiwr, 

vernier, the on the vernier being in the same line as the dial- 
sigbtfi. The dial-box is so made that it can be moved ronnd 
independently of the dial-plate. If the dial-plate is firmly 
'damped and tho sights moved to the east or west, the mark on 
the inside rim of the box moves with them, and the angle of 
movement can be reail on the graduated circle. 

The use of the vernier is that fractions of degrees may be 
accurately read. The ordinal-}' dial vernier reads to iJ', or \a 
part of a degree. The dial-plate is graduated and figm'ed as 
Uready described. "When using this dial for talcing bearings 
with the needle, the mark in the coiitre of the vernier must be 
over the north or zero point of the graduated dial-plate {as 
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shown in Fig. 'iH), nnd it can be kept iu this positiou bj' means 
or a bra&s |nn, which is put up through thu bottom of the 
dial-box and the dial-plate. When it ie deeired to use the 
vernier for taking angles, this brass pin is pulled out and 
the damping-scrcvr slackened. The sights are moved by means 
of a milled head on a pinion, the teeth of which fit into a rack 
on the inner side of the dial-box. By means of this pinion the 
sights can be easily moved to the required extent. 

Outside Vernier. — In another, and in some respects su]>erior, 
form of this dial (Figs. 24 and '25) there aru two graduated 
circles : one inside the dial-box, e (Fig. 25). to bo used for 
taking bearings with the needle ; and the other outside the 
dial-]>os, / (Fig. *25), to be used when taking angles without 
the needle. This outside graduated circle is immovably fixed 
to the vertical axis, while all the other parts of the dial above 
it can revolve (by the action of the rack and pinion). The outer 
graduated circle is covered by a brass rim outside the compasK- 
box, which ' conceals it from view, except at one place where 
thiH rim is partly cut away so as to expose the graduations for 
a length of say 3n\ 

On the movable dial-box is fixed the vernier h (Fig. 25), 
on which is a centre-mark. For the sake of convenience in 
reading, this vernier is not exactly under cither of the sights, 
but is a little on one side, and at the beginning of a surrey 
the centre-mark of the vernier is placed opposite the zero 
on the graduated extt^rnal circle. If the dial-sights are'* then 
looking north and south, any movement to the east or west 
will bo measured in degrees and minutes by the movement of 
the mark on tbe vernier from the aero point. 

The advantages of this form of dial are — first, that the outer 
graduated circle and vernier can be easily read; second, that 
the sights are always in a line with the north-and-soutb line on 
tbe dial-plate, and therefore the needle can always be swung 
and a true bearing observed (in case there is no attraction), 
whereas with the dial with inside vernier a loose-needle bearing 
conld not be read until the ring carrying the sights bad been put 
bock into its original position, with the centre-mark of the 
vernier opposite tbe north-and-south line of the dial. 

It is essential that the diril should be placed level, and for that 
reason two spirit* levels, at right angles to each other, are generally 
placed on the Irady of the dial (as shown in Figs. 24 and 25). 
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The spirit-lovels may also be placed on tlie litnb to which 
the sightH are attached (as sho\vii Id Fig. *ZH), and, although 
more liable tu get broken iu this position, they do not interfere 
with the swinging of the needle. 

Dials are generally made of brass, but aluminium dial-s are 
now l>eing made, and ore preferred by some on account of their 
grcAt lightness. 

Dial-joint — The dial is generally carried on a tripod stand, 
to which it is attached by a coupling, having a ball-and-socket 
joint (see Fig. 35). Above the ball is a strong brass pillar, a, 
which fits into a socket, h, which may be screwfd on and off 
from the under side of the dial. The dial and socket are free 
to revolve round this pin or vertical axis, but can be fixed in 
one position by means of a clamping-screw, v. Below the ball 
is a clamp, rf, by means of which the Tertical axis can be 
tightened in the required position, and by which it can be 
Btaekened to admit of odjuHtmeut. Thin batl-aud-socket joint, 
and the upper swivel movement, generally give satisfaction if 
they are kejH iu good order, but it is necessary that they should 
t>e cleaned from time fo time and used with care. Some sur- 
veyors of great experience condemn tics joint because of the 
iosecnrfl attachment of the dial hy a screw, which may lead to 
an inaccnrate survey, and also because of the absence of any 
convenient mode of levelling the head of the tripod holding the 
lamp-cup. 

Ttere are, however, other modes of attachment. The 
onUnarj- parallel plates, such as 
are used with the Iboodolite 
(Fig. 37.1. may be substitutetl 
for the ball-and-socket joint. 
There is also the Hoffman joint, 
mode by Davis of Derby (see 
'ig. 20). By turning the millcd- 
liead screws u, n from left to 
right, the two concentric balls 
B and D are liberated, and the 
dial can then he ai}pro\imately 
levelled np ; on turning the 
Borewa in the opposite direction, 
the joint is clamped, and the final adjustment may be made 
by turning opposite sorowH in revei'se directions just as re<],uired. 



Fie. 2^*.— Uoffniau luvolling-joint. 
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may be thrown to any reasonable angle, and so enable the 
upcrator to obtain an accurate a(^afitmcut One advantage of 
tbie joiut is tbat when all the Bcrew» are touebing the cone, the 
top cannot be thrown out of adjustment. 

Dial-legs. — The tripod head is curried on three legs, usually 
about 4 feet inches long; \vheD these legs are spread out, 
the dial is at a convenient height to read ; for low roads shorter 
legs are used The long legs are often jointed in the middle, so 
tbat by unscrewing the lower half the legs remain about 2 feet 
H inches in length. These legs may be jointed again, for tliin 
seams or very low places iu the roads, for which places legs 12 
or \'i inches in length are used. Telescopic legs are sometimee 
made, and are convenient in low, narrow, and rough places. It 
is important that the legs should bs attached to the tripod head 
in such a manner as to preclude the possibility of slackness, 
whilst they must not be too stiff for convenient use. The three 
kinds of head commonly employed are shown in Figs. 81, 32, 




Fio. 81 — OrJiiiiirv Kro. 32— Ini|.r..Tt.-d fwnn "f FiO. SI.— Tlieudolite tri)>od. 
dial trij-o-l, 'linl trijinil. 

tt3. In Fig. ^1 the legs get slack if they are kept long iu a 
dry place, but tbey can be tightened by soaking the joints in 
water, which causes the wood lo swell. In Fig. 3*2 the split end 
of the legs can be tightened over the brass projoctiou by moiuiis 
of the tliumb-screw. In l''ig. 3iJ, which is the method wlopted 
in the tripod stand for theodolites, the joints can be tightened 
or slackened as much as desired by turning u nut upon a 
screw. This seems to be the strongest and best method. 

Lamp -cups. — In fast-needle dialling two lamp-cups are 
usually employed. These are shown iu Fig. S.'i, and consist of 
shallow cups of suitable diameter to receive the lamp. One of 
the cups is provided with levels, and this is always used in 
fixing the front legs ready to receive the dial. 
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Various Diali. — ^^any mo<]iGcation» of i\w dial are made. In 
one of these a teleBcope is uabstitiiiod for the simple slit and 
baix-sigbt, the sights being mude detachable, so that the tele- 
scope may be taken otT aud the ordinary slit and hair-sights 
snbHtitated, ns Hlmwn iit A and B (see Fig. H4). The telcacope 
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Vm. 34.— Hedlej- dial witb telc*oopa. 



IB advantageous for work where extreme accuracy is required, 
becftnse the lamp, candle, or other mark can be clearly seen, 
&nd the meridian line of the dial turned precisely on the centre 
of the light, whereas ^vith tht kHL and hair an error amouuting 
to the thicknosa of the hair or the width of the elit may be easily 
made. The possible error, however, from thii> source, if the hair 
is properly li\ed, is not more than 1 in 1200, or less than ^ 
of 11 degree, so it is only for special cases, cither where very 
long sights are taken or where special accuracy is required, 
that the telescope is useful. 

It is obvious that a single telescope ia, in some respects, 
not 80 convenient as the ordinary sights, which are made 
doable for looking either backward or forward, and where the 
telescope is supported in the manner shown in Fig. 84, it is 
necessary to take it out of the holders and reverse it for the 
back sight. 

IKsl with Eccentric Telescope. — In surveying without the 
needle — or "' fast needle,' as it is called— the angle can be read 
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with great accnracy by meaus of the outside vernier ; but if the 
needle is used there may be some difficulty in reading it, in 
oase the line of sight should correspond with the magnetic 
north, »s the needle will then lie imniediately below the tele- 
scope. This diliicuUy is got over by placing the telescopic on 
one side of the dial instead of over the centre, as shown in 
Fig. H5. There is, however, a drawback attending this form, 
bccanee the line of sight tlirough the telescope is not directly 
parallel with the direction of a line from the centre of the dial 
to the lamp. This, however, may be got over by placing the 

lamp to be looked at at an 
equal distance away from tlie 
mark, and on the same Bide of 
the mark. 

The plan of having the 
telescope on one side lias not 
only the advantage of leaving 
the top of the dial quite clear 
and taking up less headroom, 
bat has the farther advantage 
of permitting the telescope to 
be moved through a complete 
circle, so as to look either 
backwards or forwards, ap or 
down, as required, or at any intermediate inclination. When 
the telescope is fixed on one side of the centre, it is called 
eccentric. This eccentricity of the telescope need not be taken 
into account when reading the degiees on the vertical circle ; it. 
is only wlien measuring a horizontal angle or transferring a 
horizontid line of sight from a plane on another level eitbor 
above or below, that the eccentricity has to be considered. 

In dialliixg "loose needle " (that is, using the needle to read 
the bearings) for ordinary purpofles, the eccentricity need not 
be considered, because the error in reading, whatever it may 
be in the back sight, is corrected in the fore sight. In fast- 
needle work, however, the eccentricity has to be considered. 
The surveyor must so arrange the lamp or other object vievc 
through the telescope that it is exactly as far from the ceni 
of its tripod stand as is the telescope from the centre of the 
dial, and the object viewed must be on the same side of the 
centre of the stand as the telescope. Any failure to attend tu 



Fio. 35.— Dial «{tb ecccntiio telescope. 
(jniMlly iMl fry itefn. IT. r. .tUtnUf* C^ ltd.} 




eccentric lamp-holdor, the 
lino of sight &om the tele- 
Bcope to the lamp is 
exactly parallel to the line 
from the ceutre of the ilial 
to the centre of the tripod 
stand which is hi the line 
of sorrey. and therefore 
the eccentricity of the tele- 
scope leads to MO error. 

Combined Himag Dial, 
Level, and Theodolite. — This 
instmment, which has only 
recently heen brought oat, 
18 showD in Fig, 35a. 

The chief feature is the 
method of supporting the 
telescope in cranked gim- 
bals, thus enabling a sight 
to be taken vertically up. 
vards or downwards. 

For fast-needle work, two outside verniers are used, reading 
to fiingle luiuutes. The vertical circle has a clamp and taugeul, 
and is also divided to read to 
minute.". 

Hanging Compass. — An old- 
fasbioned kind of compass, 
which is still nsed in some 
places, is shown in Fig. 30. 
Id this case tho compass-box, 
instead of resting on a tripod 
stand, is suspended by a cord 
in such a manner that the box 
is always level, and tlio needle 
free to revolve. The cord is 
stret<:hcd from end to end of 
the line of which the angle has to be taken, and the reading of 
the compass* needle shows tho bearing of this cord. 




Fiii. S3.— Ilaugtug oomiiur 
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The foUowing recommendatione, in addition to those already 
made, may be of use to purchasers of dials : — 

(1) There shouhl be two TeriiierB where very accurate work 
is required. 

(2) The plate which carries the vernier should bo clamped 
with a proper grip, and not merely by the point of a screw. 

(3) The dial should not be attached to the stand by a screw 
which may unscrew unknown to the surveyor. 

(-1) Spirit-levels should have a white backing. 

Vernier. — Called after the inventor Pierre Vernier. This is 
a small movable scale running parallel to the fixed scale on the 
dial, theodolite, protractor, bai'ometer, etc. The use of the 
vernier is to facilitate the reading of the exact pOBition of 8ome 
mark which elides upon tbe Kcale or close to it. For instance. 
in the case of a dial the centre mark is indicated by an arrow- 
head vvhiuh moves round the circumferentor when the sights of 
the dial are moved, as in fast-ueedlc dialling. There is a similar 
mark indicated by an arrow-head on the plate that revolves 
above the graduated circle of the theodolite. In the case of a 
barometc-r, the moving mark is the top of tbe column of mercury. 
This mark may be placed cxfictly opposite one of the marks of 
the graduated circle in a dial or tbcudolite, or on a straight 
barometric scale, in which case no vernier is required; but if 
the mark comes to some position between the graduations, then 
the vernier is useful iu reading the exact position between the 
two divisions of the scale. In the case of a dial, the sliding 
scale or vernier is fixed to that part of the dial which revolves 
round the graduated circltj, and the arrow-headed mark is 
generally in the centre of tbe vernier, say 20 divisions on the 
vernier corresponding to 19 divisiMis on the graduated circle. 
If the diviHions of the graduated circle are equal to one degree^ 
then the divisions of the vernier are each equal to }y^ of a degree, 
so that when the centre mark on the vernier is set opposite one 
dugrec of the circumferentor, the nearest division of the vernier 
to the right or left of the centre mark will be o\, of a degree 
short of reaching to the corresponding mark on tbe graduated 
circle. If, therefore, tho arrow-mark is moved .},i of a degree to 
tbe right, the next diviHiun on the vernier to Uie arrow-mark 
will coincide to the corresponding mark on the graduated circle. 
if the arrow-mark should be moved .jf, of a degree, the second 
diviiiion of the vernier will be in line with the corretipondiiig 
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is throe minutes, and therefore if the sixth division on the 
vernier scale correspouib with a liuc on the graduated circle, 
the arrow-head Is IH minutes past the degree. It will be seen 
that the principle of the vernier is that the space Ijetween any 
two divisions on the vernier scale is a small fraction less than 
the space between any two divisions on the fixed scale, and 
therefore if one division line on the vernier scale is exactly 
opposite a lino on the tixed scale, to bring the next line on the 
vernier scale opposite the next line on the fixed scale it must be 
moved through the small fraction above named. It should 
tte noted that the divisions on ttic vernier scale may be spaced 
farther apart than those on the fixed scale. An illustration of 
three readin^K nf the vernier is given in Fig. S6a. 

Theodolites.— The principle of theodolite construction is 
similar to that of the improved Hedlcy dial, with outside 
graduated circle shown iu Fig. 'M ; but tlie details of construc- 
tion are very difTerent, as may be gathered from Fig. 37. In 
the theodolite a telescope is always used, and mining theodo- 
lites are generally constructed as transit instruments; that is 
to say, the telescope can be turned all round in its beariugt^, 
so as to look either fom'ard or backward. The telescope is 
generally carried on a vertical framework, a (Fig. 37), attached 
to and standing above the liorizontal compass-box ^ at a 
snfiicient height to allow the telescope to be reversed. The 
graduated circle c, for measuring vertical angles, is fixed on one 
of the telescope trunnions, wliiie a pointer, d, carrying verniers 
is fixed to the framework. This circle can be clamped by 
means of the screw t. On the plate to which the telescope 
framework is attached are two verniers, •', c, at opposite sides; 
below this plate is another carrying the horizontal graduated 
circle ./', which can be clamped to the vertical axis of the 
insti'ument by the screw U. Tlie upper plate can also bo 
clamped to the lower plate. Spirit-levels are platted on the 
telescope and on the upper horizontal plate. A5-inoli llieodolite 
will read both vertical and horizontal angles to 1', and an H-inch 
theodolite to J'; a 12-ineh theodolite will read to 1". ^fining 
theodolites are seldom bigger than ^ inches : the 5-incli is big 
enough for convenience (a 5-inch transit theodolite weighs from 
1*2 lbs. to 14 lbs. without tho legs), liy a S-inch theodolite is 
meant one in which the horizontal graduated circle is 5 inches 
in diameter. With this instrument, the compass-needle, being 



fnsttind of tlie oniuiiiry compass-necdle, a trough comvaeR 
iH Bometimes substituted, nliowii m Fig. 88 (ami shown in 
position in Fig. 37a). In this narrow box or troagb the coinpaes- 
needlc ia only free to revoive a few degrees on either side of the 



Fic. 37a.— StanlcT's theodolite. 

meridian, and it is merely used for fixing the theodolite in tlie 
magnetic meridian, this Wu^ serving as a base from which 
the hearings of tlie other lines can be calculated. Considerable 
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accuraey may be obtained in fixing the instrument in the 
magnetic meridian, because it is possible to see a very slight 
divergence of the needle from the N. and 8. marlcR on tlie 
compass-box. 
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ADolber kind of coinpa»5t (Fig. WX) was made for the ftutLor, 
tiscfal only fur the purpose of setting the telescoiw in the 
meridian ; it is fixed below the bottom plate of the theodolite. 
In this case the needle is very short — only 21 inches — and is 
not suspended at the centre, hut near to one end, the 8hui-t eud 
being thick and balancing the longer end, the thin end of which 
comeH opposite a nick in the tube when the instrument is 
tamed in the magnetic meridian, and the position of the needle 
18 accurately observed by meanu of a microscopic eyepiece. 
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Fw. 3&.— ImproTed fcnn of tiMgh compass. 

Theodolites are generally made with parallel plates (see f/, <u 
Fig. 37), by whii^h the iiistrnmt'nt can be levelled. A Hoffman 
bead or other form of ball-and-socket joint, however, is some- 
times used, which aUo has four adjusting screws. The ball- 
aud-iiocket joint enables the iuHtrumfnt to be levelled whilst 
the tripod stand is on very irregular ground. With the parallel 
plates alone there might be some diflicnity in adjnsting the 
instrument. 

U»e of Theodolite Trndergroond. — For the purpose of illumi- 
nating the crosH-hairH of the telescope, which, owing to the 
darkne.>ts of the mine, would be otherwise in- 
visible, one of the trunnions is made hollow, a 
lens being screwed into the outer end. Oppo- 
site this glass is fixed the bull's-eye of a small 
oil-lamp, the light from which passes down 
the hollow tnmuion till it meets a reflector, 
consisting of a polished steel face about 
,*n inch in diamet«r, placed within the telescope, 
by which the light is reflected on to the cross- 
hairs. 

For use in mines containing fire-damp, the 
small lamp for illuminating the cross-haiis 
must be enclosed in gauze, similar to that used for safety- 
lamps, and also shielded against the effects of ntrong currents, 
•0 as to comply with the conditions of the Minee Regulation 
Act (ace Fig. 10). 
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In the absence of tho liollow Irtinnions, the crosH-liairs may 
be seen by the light of a lamji held near the object-glRss, 

Sextant. — This is an instrument for taking angles either in a 
verlicul or a horizontal plane. It is used in surveying new 
countries, and for nautical and military eurveying (.Fig. U) 
To measure the angle at the intersection of two lines, the tele- 
scope ia directed upon an objet^t in line No. 1. By mtanH of a 

movable reflector fitted on the instru- 
ment and connected to the vernier, 
another object, in line No. % is at the 
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Via. 41.— SexUnt. Fi»». \t.—hox wxlftnt. 

(KiiOla lent by Jtuirt. W. K SlanUif i- f¥., Lid.) 

liame time brought into the same line of vision ; the angle 
through whicli the reflector is moved is measured by the vernier, 
and the angle between the two objects is read on the graduated 
arc. Small sextants, called box sextants (Fig. I'2), are often 
made about 3 inches in diameter, so arranged that tboy can be 
conveniently packed in a pocket- case. The instrument is carried 
in the hand, but, owing to the fact that two objects are brought 
simultaneously into the line of vision, the angle formed by 
the two lines of sight may be read with some approach to 
accuracy.' 

Henderson's Rapid Traverser. — Mr. James rfenderson has 
recently patented a very simple instrument (see Fig. -18) for 
measuring and recording the angles of a snrvey. It consists of 
a circular metal table, on the top of which is fixed, by means 
of several small brass screw-nuts and bolts, a thin disc of cel- 
luloid or other suitablo maiei'Ia), about 10 inches in diameter. 

' For (l«8eii]>tion ot tbe wxtani whI mode vT uting, tbe reader U referred to 
fftMU to TrarrUtrt, pnblubed Ly tti« Bnyal Qeogni|>bical Siwiet;, alM BurreyittQ 
Iiutrumtnit, l»y \\\ F, tit«nlef . 
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boTrcTer, it is not intended that tlie rnpid traverser should be 
used for plotting the survey in the tleld, l>ut tliis is done 
afterwards, in the office, with the aid of n pnralkl ruler and 
Bcale. 

The table is levelled by means of two spirit-levels, one of 
which is fixed on the alidade, and the other a small portable 
one which Is carried in the pocket. 

The magnetic meridian is taken, at any convenient point in 
Ibi- coarse of the survey, by means of & trough- com pass placed 
temporarily againBt the back edge of the alidade. The actual 
direction of the lines of sight is indicated by making a pencil- 
mark on the disc, and at the conclusion of the survey the disc 
is taken olT and the directions of the lines ruled off it on to 
the plan. 

For fntnre reference the disc itself may be kept, or else the 
magnetic bearings of the lines can be read off by means of a 
protractor and entered in the field-book, when the celluloid 
disc can be cleaned with soap and water or indiarubber, and so 
mnde ready for a future survey'. The discs oi'e now being made 
of enumellcd ziuc instead of celluloid. 

Tacheometer (see Fig. 45).— This is an inatrumeut used for 
measnring distances without a chain or tape. The ordinary 
tacheometer is similar to a theodolite, the only radical difference 
being in the telescope, iu tho diaphragm of which are fixed 
marks which con bo directed to a graduated staff, such ns a 
levelling'Staff. The fnrtlier the staff is from the instrument, the 
greater naml>er of feet or inches will be seen between the two 
marks in the telescope. These marks may Iw made either 
of cobweb, like the ordinary hairs in tho diaphragm of the 
theodolite, or of fine metallic points (iu the later forms of instru- 
ment. liuAs engi*aved on a glass diapliragm are substituted for 
these hairs or vires) ; and they are placed at such a distance 
apart that the vertical height of on object between those 
two lines or points is some fraction, say 1 per cent., of the 
buri7.ontal dintance from thf observer to the object. Thus if 
the rertical height on the graduated staff between the two ])oints 
ifl I foot, the staff is 100 feet distant ; if the vertical height is 
10 feet, the staff is lOUO feet distant. According to the kind of 
work wliicb it is intended to do, these points can be placed 
nearer together or further apart. The accuracy with which 
niuAsturements can be made iu this way depends upon the power 
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of tbe telescope anil of the microscopic eye-piece, and also upon 
the fineness of the points or cobweb useii. '\Miere it is jjosaible 
to chain, tbe surveyor will, of course, employ this method in 
preference to tbe tacheometer, if great accuracy iB required; 
but where, owing to tbe roughness or impassability of the 
gronnd. the moasorement cannot be taken in this way, the 
tacheometcr is of great use, and also for approximate measure- 
ments it is convenieut. 

With a telescope of moderate power (magnifying, say, fifteen 
diameters), and for distances not exceeding 500 feet, tacbeo- 
meter-measiircmcnts, on a bright day, should be correct to 1 per 
cent. ; for shorter distances, say under ^00 feet, tbe error should 
not exceed \ per cent. ; witli a more powerful telescope tbe 
error may be much less. Some engineers bavc claimed that tbe 
error has never exceeded I in 2000 ; but for sneb a degree of 
accuracy a very fine instrument and great care in using are 
necessary. 

It is stated by surveyors of experience that a telescope mag- 
nifying fortyfold will read a ^taff to tJ^^j foot at a distance of 
660 feet ; and, supposing tbe arrangemeut of bairs in the dia- 
phragm is such that 1 foot on tbe statT represents 100 feet hori- 
zontal distance, this means a possible error of \ foot in fi(>0, or 
an error of 1 in 1H'20. There is no doulit that with a good tele- 
scope groat accuracy may be obtained with the tacheometer. 

KeaBurement of DiBtances with Ordinary Theodolite.— It is 
pOBBible to measure diHtauces with the theodolite witbuut tbe 
aid of two crosB-lmirs or other marks, by simply measuring 
the vertical arc subtended by a staff of given length. To 
measure lengths in this manner, direct the horizontal hair to 
tlie bottom of the staff or to some fixed mark above the bottom, 
and then, by means of tlie tangential screw, direct tbe hori- 
zontal hair to the top of the staff or some fixed mark, say 10 
feet above the lower mark. Having read the angle, the distance 
can be calcalatcd. Assuming tlmt tlie staff is h(dd vertictilly, 
and that tbe ground is level, the 10 feet will represent tbe chord 
of Lbe arc. If the angle measured, for instance, was 1'', the 
natural chord isOOlTJ^A; then the distance may he found by 
tbe following sura : O0174r.rt : 1 :: 10 : 572-lti;, This method 
is not so handy as that with two hnirs, because the calcnlafion 
is longer, and it involves two readings with the telcsooiic, and 
there ia, perhaps, on additional chance of error ; still, it is one 
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that uifty bo <.asily used in the absence of a tacbeonoctrical 
attachment to the thu-odoUte. 

It followfi, then, that when using a 10-foot Btaff, an error of 
one minute in the reading at ii distance of 573 feet would mean 
an error of 5^ of that distance, or nearly 10 feet. The ordiiiai-y 
5-inch thcodoHte is only graduated to read to minutes; bnt 
there is no reason why an error of one minute should be mad< 
in the reading. The error in the reading should not exce< 
half that; and it is not necessary that there should be any 
material error. The longer the staff, the less ■will be the errur, 
for a given lengtli ; but it is evident that for the accurate 
measurement of long lengths it is necessary to have a theodo- 
lite graduated to road to 10". ^\'ith such an instrument and 
a 10-foot staff, the error, instead of being I per cent., will be 
reduced to i per cent., or 1 in 600. 

In comparing the accuracy of tachcometer-measurements 
with that of ordinary chaining, it should he borne in mind that 
over rough ground, wliether on the surface or in the mine, an 
error of half a link to the chain is very easily made, unless the 
surveyor gives the most careful personal attention to tlie laying 
out of the chain. 

Some tacheometers are conBtructed on a slightly different 
principle. Instead of fixed points or cross-hairs at the dia- 
phragm, between which is seen a length of a graduated staff, 
varying in exact proportion with the distance the staff is from 
the object-glass, n staff of Bxed length is used, and at the dia- 
phragm is a slide tarrying a eross-hair, which can be raised or 
lowered by means of a screw until the whole length of the staff, 
or of two very clear marks on the staff, are included between 
two crosshairs. The movement of this slide depends on the 
disfance the ataff is away; the further the staff is from the 
object-glass, the leas the movement of the slide. This move- 
ment is measured by the tarns of a screw, on the head of which 
is a scale; the distance corres{>ondiug with any given move- 
ment of the screw is marked upon the scale, so that no calcula- 
tion has to be made. 

In taking the observation, the two cross-hairs are so placed 
that one entirely obstures the other, and are directed towards 
one of the marks on the staff; the telescope is then clamped, 
and the requisite movement of the mieroraeter screw is made. 

Many tacheometers are so made that the distance as rea<l 
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on the Hcale retjuires no correction ; in others ix correction is 
cecossory, owing to tbe fact that the distance measured by a 
tacheomoter of tbe simplest kind is from the principal focus of 
tbe objfct-glftss, wliilst tbe distauco required is from the centre 
of tbe instruoient at which tbe angles are measured ; therefore 
the distance, as read o£r the staff, ban to be corrected by tbe 
addition of a constant quantity equal to the sum of the focal 
distance of the object-glass, and the length from the object-glass 
to tbe centre of the theodolite. Thus, in using the theodolite 
with tbe fixed points, it is observed that the length of tbe 
graduated ntaff between them is, say, 2 feet: if the points have 
been adjunted so that tlie factor for length is 100, then the 
distance is '2 x 100 = '200 + the length between tbe object- 
glass and the centre of the telescope (say C inches) -H the focal 
length (say 1*2 inches), or the required length is 201*5 feet. 
If the lengths are required in links, tbe staff should be graduated 
in links and decimals. 

Tacheometer Heasarements in Hilly Country. — ^V'hen tbe 
tacbcometer is used for mciisuriug lengths ou a level country, 
tht' statf will, of L-ourse, be held in a vertit-al line. If, however, 
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the ground is steeply inclined, then some consideration is 
accessary. In tbe firat place, tbe teIesco|>e may be fixed quite 
level, and tbe staff held vertical, in which case the distance 
lueaaored will be the horizontal length between the telencope 
and the staff (Fig. 40); of course, in thiu case, the length 
measured is limited by the height of the staff for the back 
sight, and the height of the telescope above the ground for 
the fore sight. In the second place (see Fig. 47), the telescope 
may be directed in a line parallel with tbe inclination of the 
ground, and the staff held at right angles to the inclination of 
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the ground ; then the distance measured will be the lengtli of 
the slope and not the homantal distaucu, which would have to be 
calculated by meanR of an observation of the angle made by the 
telescope with a horizontal line. In the third place (Fig. -IH), 
the staff may be held vertical, and the telescope incliued at 



.^*^: 



•JUi^X 



Fro. 47.— Tftcb«am«lrieal inMloraiMDU In bUljr country. 

the same angle as the average tilojie of the ground, in which 
ease the length measured will be gteater than the length of the 
slope, and a correction will have to be made, owing to the 
greater length of tlie staff visible between the cross-hairs. 
Perhaps the best practice on nteep gradients is to hold the atafl* 
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Fia. 4B.— TacheometriciU lucuureineols in bitlj- country. 

at right angles to the incline ; for moderate inclines the errors 
due to not holding the staff exactly in the correct position are 
very slight when this method Ij* employed. 

For furthc-r information on tlie subject: of tacheometry, the 
reader is referred to Mr. T. G. Gribble's excellent book on 
Prrliiiiinarif Sunn/ (Longnian.i, Green and Co.). 

Fritmatlc Btadia-teleicope.' — An ingenious modiScation of 
the ordinary stadia-telescope (tacheometer) is to use a glass 

< Raibort H. RlchiirdN, Doflton, AmeHca. Inst. M.K. Montreal Meeting, Febrimry 
1S!U; alwOU-n Summit Meeting, Oetober. 1S;M. 



/^'sr/ti;ME^'TS FOk measuring axgles. si 

prism or wedge. A ray of light passing through a prism is 
dedectped, the amount of deflection (lq>f!n(1ing on tlit^ angle 
enclosed by the two sides of tlie prism at their apex if jirolonged. 
If, therefore, half the object-glass of a telescope is covered with 
a prism, and a graduated staff is ol»served, tlio fignreg on one 
side will bo seen in their correct position ; on the other side 
they will be seen out of place, owing to the deflcetion caused by 
the prism. Thus, if with the uncovered half of the object-glass 
the cross-hairs of tho telescope appear to cut the figure 8, 
with the covered half the cross-hair may appear to cut the 
figure 5, showing that the deflection of the raya of Hght caused 
by the prism is measured by 2 feet on the staff if the staff is 
distant llMl feet This deflection is eQnal to an angle of about 
l** ft'. If, therefore, the staff were moved to a distance of 200 
feet from the telescope, the detlection, being at the same angle, 
would cover 4 feet of the staff; and if the atftff were moved 
to a distance of HlK) feet, the deflection would cover 6 feet of 
the staff, and so on. 

This angle of deflection being asi-ertaincd, it follows that 
the distance at which the staff is held from the telescope can lie 
c&lculated from the amount of deflection as read on the staff. 
Tims — 

If the figure read with one half of the 

telescope is :1, and with the other half 4, the distance is 50 

ir ,t f* i» .. 5 M 100 

M »» S .' 11 *» »t 150 

i> fi •• i> j» 7 jt 200 

M f» 3 » »i 8 ,1 250 

3 ., .. ft „ 800 

Uld BO on, every foot of deflection on the staff representing 
SO feet of distance from the telescope, every ,'« foot representing 
5 feet; -xha foot, 0*5 foot ; and ttW foot, 0*05 foot. 

Mr, Robert H. Kichards has tried various telescopes in 
which the deflection of the prism varies from 1 foot of staff in 
100 ft-et in length, to H feet of staff in 100 feet in length. The 
••realer the deflection, the greater the accuracy with which the 
amoniit of it can be read ; on the otlicr hand, the greater the 
deflection, the longer the staff required for any given distance. 

Mr. Itic-hards considers a teleacopc mnguifylng thirty dia- 
meters auitable for reading the staff at a distance of 1000 feet, 
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and for distanoeft up to 1'\0(> feet, with a epecially constrnetecl 
Bliding target staff. For a sight of 1(XK> fec-t and a priBia de- 
flecting 1 per cent, a RtaiT about 12 feet long is required. 

%rr. Hichardg aIbo recomuiendR the use of vrhat he calls the 
optical vernier, This may be understood by reference U) Figs. 
49 and 50. This is a staff about G inches wide, and a height 
necessary for the distance it is intended to read; it Is painted 

half white and half black. 
On the upper left-band side 
is a vernier painted in white ; 
the rest of the left-hand side 
of tbe staff is black, and the 
main scale is painted in 
black opposite this. It is 
divided into lengths repre- 
senting ^0 feet of horizontal 
distance, which are num- 
bered 1. 2, 8, 4, 5, G, etc.; 
this means six fifties, or 
3W> feet. Each fifty is 
divided by five equidistant 
diamond points, represent- 
ing 10 feet. The vernier is 
also divided so that five 
points shall cover a space 
equal to four points on tbe 
main scale. Tbe main scale 
is seen tlirough the un- 
covered half of the telescopCf 
the vernier through the 
Fw. 50.-MciLcKl of piisin. The prism deflects 
reading ditio the vernier, and it is thrown 
down opposite some tigure 
on the main scale. 
In Fig. 50 the zero of the vernier is apparently past the 
third point below 4; 4 means 1 times 50, or 200; the three 
points on the main scale are each in feet, therefore the distance 
is 280 + a fraction of 10. The second point of the vernier from 
zero is exactly opposite one of the points on the main scale; 
each point of the vernier counts 2, therefore the fraction is 
iV X 10, or -2 feet. So that the total distance is 234. Tbe 
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heights on the main scale, reprcsfnting 50 ftiet of distancfe, have 
be^n found by experimentB with the prism. 

Tape Target. — At distances greater than lOOO feet, the figures 
on the fitftff camiot be read, and Mr. KiehardH rciMinimends a 
tape target, the distance being read by the asRistant carrying 
the tape. This target is shown in Fig. .51. The telescope is 
directed tdownrdn the centre of tliree diamond jioinls on one 
target; the other target is moved along the tape, in accordance 
with signals given by the aarveyor, until ita 
deflected image becomes opposite to the 
image seen through the uncovered portion 
of the object-glass ; the two centre diamonds 
of each set of three correspond wlien the 
targets are set at the con-ect distance apart ; 
the two outer diamonds do not oorres{>ond, 
and the distance of their points apart 
Hhould be equal far each pair, uh shown in 
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ria. 51.— Tnpf with 
PBOTftblv Urgetfl. 



TAPE TARGETS BEING 
READ BY THE PRISM. 

FiO. 92. — Method of re«diiig moTOble 
tiu-gt'U 



Ffg. 52. The assistant reads the distance on the tape, and books 
the figure, and perhaps signals the reading to the surveyor. 

AH the systemB of tacbeometry above described necessitate 
the use of a staff on which the graduations can be read through 
ft telescope, or on which are movable marks which can be read 
by an assistant who adjusts the marks in accordance with signals 
received by flags or otherwise from the surseyor. 

II is, however, very convenient to use a range-finder, with 
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which the surwyor is indopcndent of any mftrltinfis upon a staff. 
The ordinary method of triaugulatiou with the theodolite from 
a measured haae ia a kind of rangO'tinding, and for exact work 
it is the best method known. 

For approximate calculationB, snob as are used sometimes 
by military engineers, a tape or cord of given length may be 
carried by two observers, each cairying a box sextant, and 
reading sinmltiuieonsly the angle formed by the baso-Une and 
the object whose distance they wish to ascertain. 

Kaage-finder.^An ingenious adaptation of the prism has 
been devised by Professors Barr and Stroud. In this instru- 
ment tlie measured base is a Bbort tube, H feet long, held by tlie 
surveyor in his hand, or fixed on a tripod. The tube is held nt 
right angles to the line of sight (sec Fig. 58). It contains the 
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Fio, 58. — B«rr and Strood'a ronK«-findor. 



J 



equivalent of two telescopes, one at each end of the tube or 
base, with the requisite optical appliances for seeing the two 
fields uf view in juxtaposition one over the other. Itays of light 
from the object viewed enter through openings, V,, V,, at 
each end of the tnbc, and are reflect^jd at right angles along the 
axis of the telest-'Ope by means of the reflectors H,, H^. The 
observer places his right eye at the eye^picce K., and, by means 
of the arrangement of prisms at J, eeea two images of the 
object, one above the other, but not in line with each other. By 
the movement of an achromatic glass prism, M, of small 
angle along the axis uf one of the telescopes, the two images 
of the object whose range is required are brought into exact 
alignment, when the position of the prism fumislies a measure 
of the range, which ia read off by the left eye on a scale, B, 
attached to the prism, and moving with it. The surwyor has, 
tlierefore, no cnlctilations to make, but simply sets bis instrument 
upon the object, such as a staff, church, house, tree, fence corner, 
candle, lamp, etc., and then, after adjusting the two images of the 
object in exat't alignment, reads the distance as written on the 
instrument. A similar instrument hii8 been adopted in H-M Navy, 
and is now installed on most of the battle-ships and cruisers. 
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Is coneideiiug the use of instruments for jjlottiiig angles, it will 
be well to refer to tlie plan of an estate shown in Fig. 14. On thia 
plan the bearing of No. 1 line is marked " North 10" East," which 
means that the direction of the line from the starting-point is 
going towards the nortb-eaet, and the exact bearing is 10" east 
of north ; the bearingof No. 2 line is also given as N. 30"* W., and 
line No. 12 ia S- 71** W. If these lines are laid down according 
to the bearings so marked, and for tbo lengths measured, they 
will take up their correct position as ri-gards each other, and it 
will not be necessary to use the compabses for the purpose of 
plotting them. If, however, the lines have been already plotted 
from the measurements only, tlie bearings cau be used a^ a 
check on the accuracy of the survey and of the plottings, because 
the relative positions of the lines, as shown by the bearings, 
will be the same as that shown by the triangular measurements. 

One use, therefore, of an instrument for taking tliesn bearings 
ia to check the accuracy of the survey; the second use is, 
perhaps, more important, and that is to ascertain the direction 
of the survey-lines with regard to the magnetic meridian, and 
for most mineral plans it is necessary to have the magnetic 
meridian, or "north point," as it is commonly called, marked 
with extreme care. 

In the production of a plan, two distinct classes of instru- 
ineutfi are necessary. These are, first, the instruments pre- 
viously described for measuring lengths and angles on the 
ground, and second, the instruments for drawing or plotting 
upon paper the above-mentioned lengths and angles. 

Scales. — The instrument for drawing the lengths is -called 
the scale : it consists of a straight piece of hard material, either 
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ivory, wood, metal, or cardboard; it is generally a littlfi more 
than 12 inches long, and is divided into equal parts to suit 
the purpose required. For au ordinary English mining plan 
it iH usual to hare a scale of chains, the lueamiremeuts being 
taken with the Gunter's chain. Thus it may bo desired that 
1 chain in length shall be represented by a lenf^th of 1 inch 
on the plan; then the scale will be divided into inches. If, 
however, this would produce too big a plan, h inch may be used 
to represent 1 chain, and the scale will therefore be divided into 
half-inches, or it may be divided into thirds, fourths, fifths. 
tiixths, eighths, or tenths of au inch, each division intended to 
represent 1 chain. The most common scale for mining plans 
is that in which \ inch represents 1 chain, commonly called a 
2-chain scale, which means tlmt 1 inch on the plan is equal 
to 2 chains measured in the field or mine. 

In the Coal-Mines Itegulation Act of 18b7 it is mentioned 
that the scale of a colliery plan must not be less than 'I'-i'^W 
inches to the mile (which \% equivalent to 3157 chuins to 
1 inch).' This seems to give sufficient latitude as to the size 
of scale to be adopted ; in many mines a scale of U chains to 
1 inch is used ; in others, a scale of 1 chain, and sometimes 
half a chain to the inch. 

Having divided the scale into cliain-lengths, each ehain- 
U-ngth is then subdivided into tenths, each tenth representing 
in links. The surveyor, in plotting a length more than 10 
and less than '20 links, must divide the space by liis eye, as 
smaller graduations are not generally used. The edge of the 
scale is bt:velled. so that the dividing marks on ibe edge of 
the scale touch the paper. It is found convenient to have on 
the opposite edge of the scale to that on which the chain-scale 
is divided, a feet-scale. This is a scale in which sixty-six divisions 
on the feet-edge measure the same distance as 100 divisions on 
the opposite or chain-edge. This enables the scale to be used 
for faking off measurements in feet from a plan which has been 
plotted in links. The use of feet and links on the same scale, 
however, often leads to confasion and error. 

Another scale is also used, called au oiTset scale. It la 
generally *2 inches in length, graduated in the same manner as 

* Tli« exact worOing of the .\cl of I&S7 \* lu follows: ■* Every Auob pluo ainat 
Im OD n scale of not leu thto tbiit of tbe 0»Itki.Dce Sitr?ej of twentj-Gre iDchei to 
Ibv mile, or oo >he Mine anie m Ibe (iLan for the lime being hi ute ul tbe tuine," 
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the long dcalti, but the ilivisions begin and end exactly at the 
ends of the scale. It is used in the manner shown in Fig. 54, 
to mark off lengths at right uuglea to the lines drawn un the 
plan. The scale is laid down on the paper along the line 
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representing the surTey-line ; the offset scale is then placed so 
as to measure lines at right angles, and is moved along tlie 
scale to the division representing the required distance on the 
sarFey-line ; the length of the offnet can then he marked off by 
means <rf the shorter scale. 

In constructing a plan, the scale is usually drawn upon it, 
and thus, if any serious shrinkage of the paper takes place, 
measurements may be made by means of lliis scale. 

Ivory is much liked for scales, because of the clearness of 
Uie Hues, but boxwood is cheaper and less easily broken ; metal 
is not much used, partly, perhapH, because of its greater tendency 
to expand or contract with variations of the temperature. 
The expansion of brass between freezing point and boiling 
point is i^ of its original length, which is equal to aoirni pa^'t 
for e»ch degree of temperature, or to the expansion of inniTj part 
for a rise of 40" in temperature, that is to say, the scale would 
expand 1 inch iu a length of •2250 inches, or J.j part of an inch 
in a length of 100 incbeR- This amount of expansion is not 
Tery serious, especially as the temperature of a drawing office 
iu England does not UHually vary as much as lU^ ; it is seldom 
that drawing is done iu an ufhee of a less temperature than 
50" or a higher temperature than (i5°, hence the expansion 
would be only that due to lo^ or A inch in a total length of 
100 imhes; therefore the expansion of brass does not seem to 





he a snflirient reason why it shoald not be tued. A more 
practical objection is that metal soUee soil the drawings. 

Ordnance Xaps.^The survey of the Voited Kingdom ras 
commenced by order of the Government about the year 17h4. 

The Borvey has been pabliahed in maps of rarious scales, 
Tiz. 1 inch to tbe mile, or rsknl G inches to the mile, or 
nrVnr; ftnd 25*3-14 inrbea to the mile, or =-xV«- Town planR, 
on scales of 10^ feet to a mile and .~> feet to a mile, are also 
published of the principal towns. On those maps arv shown 
tbe rarions boundaries of tbe counties, unions, parishes, etc 
Tbe first two series sbow tbe contour-lines, and are particularly 
useful for the purpose of deciding as to the best route to adopt 
for lines of railway, and tbe positions of shafts, buildings, etc. 
They also sbow the linep of latitude ami longitude. 

The j/aa scale maps van be obtained either plain or with 
the buildings and rivers coloured. Tbe fields are all numbered, 
and tlie area of each field in acres is cither printed on the- map 
or can be obtained for each parish, published in book form. 

A plan made by mounting tbe various sheets of the ^^^ 
map covering tbe royalty is sometimes used on which to mark 
underground workings. By application to the Director-General 
of the Ordnance Survey Office, Soutlmmplon, however, tracinga, 
from tbe original plotted plans can be obtained, and these arft 
moch more accurate for this purpose, as tbe printed maps oflun 
sbrink ii good deal. Owing to this latter fact, mcannreinents 
from the Ordnance plans should be made with the printed senle 
^Ten on each sheet 

Geological maps are also published on the 1-inch and C-incb 
scales, and give a great deal of valuable information as to tbe 
faults, dip of the measures, and other geological features of the 
country- 

Compaues. — Comiiasses are generally used to set off the 
distances from tbe base-line as previously explained ; these 
are sbown in Fig. 55. Tbey are made in various sizes, ranging 
from 2)[ incbeH to inches long. There are points at tbe end of' 
each limb, needle-points are the best ; one limb is jointed, so 
that tbe nccdle-jwint can be taken out, and a pencil, <i, or pen. /*, 
substituted ; one or more lengtliening pieces, < , can be added to 
this limb, so as to increase tbo length that can be set out. 
When this Icngtb is insulHeient, beam compasses are used. 
These are formed with a beam, or piece of wood, and are shon'n 
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in Fig. 56. At oue end of this beam is fastened a scrow-clip, a, 
carrying a point at right iingltjs to the beam, and about 2 inches 
long. A similar clip, h, carrying a pencil is slipped on to the 
beam, and is moved along til! the required distance from the 
point fixed at the other end is obtained. It is then clamped. 
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PlO. 35. C^AUpUBSCs. 

(.ffrmVy hat bf tltM»rt. VT. r. Stanl€jf and Ob.. Ltd.) 

and au exact adjustmi-nt for length is made with au adjusting 
Bcrew on the point>holder; then, with the fixed point as the 
centre, a circle may he described with tli© pentil-poiut. Several 
bfamR of say *2, 4, and 6 feet in length are kept for use with 
theae conipaBse.s. 

Straight-edge. — For the purpose of ruling a stmight lino 
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Via. yo. - Beam cooipiiBftes. 

(XiwUv Um by Jfei/rr. Il" F. SUnUf nifJ O., t.l4.) 

from oue poiuL to another, a straight-edge is use<l ; a metal 
Btraigbt-edge is the best, not being liable to warp. Steel 
Blraighl-edges require to he kept bright, and are sometimeB 
nickel-plated. Though not absolutely necessary, it is a good 
thing to have bevelled edges tu the ruler. 

Parallel Ruler. — A parallel rulor (Fig. 57) is much used by 
mining surveyors; it is generally made of metal, as a considerable 
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\veij;ht ib advantageous; it consists of a bar from 'i inches 
to 3 inches wiJe, and from WV inc^ to i\ inch in thickness, 
wxlli bevelled edges, and varj'ing from ti inches up to '2 feet in 
length. In this bar are cut two holes within a short distance 



Fia. 57.— Rolling panllfll ruler. 

\Ki*u»^ tail bfMttiTi. W. F. JhMnlcy ond O).. LM.} 

of eacli end ; un the upper side of the bar are fixed two rollers, 
fixed on a long spindle, the ends of which are carried in 
brackets; the lower sides of the rollers project a little way 
tlirough the bar, so that the bar may roll along. Each of these 
rollei!? is the same diameter, and is roughened with longitudinal 
cuts to prevent it from slipping. These rollers being the same 
diameter, if there \a no slipping, the two ends of the bar will 
more at the »ame rate and the same distance when rolled 
along over the paper. Thus, if the ruler is held in a given 
position, and a lino drawn, and it is then carefully rolled 
across the paper, and another line drawn, the two lines will 
be parallel one to the other. 

Fig. 5H shows another form of parallel ruler, known as the 

slidiug-bar parallel ruler, 
but for the purjKises of a 
mine surveyor ihc rolling 
pamllel ruler will be found 
to be the most edicient. 

Drawing- pencil. — lu i)lot- 
tiug a survey the lines are 
drawn with a hard-lead pencil cut to a tine pohit. Pencils are 
made in varying degrees of hardness, the most useful being that 
marked H.H. The Koh-i-noor pencil is highly recommended. 

Pricker. — Distances and stations ai'e gfciieially marked off 
the scale with a needle-pointed pricker, the point of the needle 
making a much finur and inort: permanent mark than the point 
of the pencil. In this way a length may be marked on the 
2-chftin scale with an error not excce<liug 1 link ; thus if the 
actual distance measured was H chains or> links, the prick- 
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mark made witb tbe ucedle might |}os»ib1y be 8 chains 54 links 
or S chains 56 links, bat, in either case, it would be within a 
link of the correct distance. 

Set-sqnares. — A large seUsqnaro is nsefnPfor marking out 



Fie. 5lt.— :^t •qaapct. 
iiamAf tent by Jfcnr*. IT F, Stunit^ omA A^ UA.) 

lines at right angles to one another ; such lines are required 
for plotting lengths ascertained by trigonometrical computation ; 
the lar^^er thiu Het-stpare, the greater the degree of accuracy 
with whidi tlie cross-lines can be dra^vn. The draugblsmun 
is recommended to use one not less than 12 inches long on each 
of the square sides. The two 
mo8t usual forms of set-6<juare 
are shown in Fig. 5iJ. 

Frotraotor. — i'or plotting 
angles a graduated circle 
marked in a similar way to 
the dial, called a protractor, '\^ 
used (see Fig. GO).' These may 
be made of brass, and vary 
from K to 12 inches in dia- 
meter; tbe 8-inch protractor 
is graduated to half-degrees, 
and the 12-inch protractor to 
qnarter-degrees, smaller frac- 
tions of a degree having to be 
estimated ; the protractor being so much larger than the dial, 
tbe fractions of a degree can be estimated with greater 

' For |<lMttmg drclc reaiUnga of tbo nci-dli-*, the iitiiulicni on Uie iifiitimetor 
ibunld ix>Diil the rt't'TM wuy v>i tfirait' nn tbr> <liaL 
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accuracy, and therefore there sbould be no serioQs errors in 
plotting from thin cause. 

It is, however, difficult with an H-inch pi-otractor to divide a 
degree without some error, whiL-h may very likely amount to 
i°; the thickness of a needle-prick is about \ on an 8-inch 
protractor, so that for very accurate work a simple 8-incb pro- 
iraotor is not sufficient. By using a 12-inch protractor the 
accuracy is increased in the prop<irtion of 2 to 3 ; but for verj' 
accurate work a protractor fitted with a vernier with folding 
arms, clamp, and tangent-screw is sometimes used (Fig. 61). 
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Fio. 61. — Brow pratraclor witb foldtng anni. 
(flmiry but by JAnrt. IP. f. 5e>liby«il4a., Itf.) 

By mvaus of the vernier the arms may be adjusted to 1', 
that is to say, to the sixtieth jiart of a degree. At the end 
of each arm is a sharp pricbor, which can bo pressed down to 
mark the paper. If this inelrument is well constructed and 
properly used, the angles can b*; marked oot witb great 
accuracy. 

It is, however, a common practice to use a cardboard pro- 
tractor (Fig. ()2). The gruduated circle is printed ou to a stout 
card, and is generally VI or 15 inches in diameter. The 
divisions arc made to read inward from the circumference, 
instead of outwards as with other protractors, the centre space 
of the card being entirely cut away. 

In using cardboard protractors it is not necessary to prick 
off the angle, as the parallel ruler can be placed upon the 
protractor at tho right angle, and then rolled to the required 




tin pasteboArd. Parnllel nortli-aiid-south lines are, with the 
greatfist oare and accuracy, drawn at intervals of 2 or 3 inches, 
and at the ends of all these parallels, on the luft at the north 
edge, and on the right at the south edge, divergences of 1" and 
fraeiion^ of 1' are indicated (Pig. 63). The part within the 

* Tmuattieiu Ftd. Inditute <ff Minimg EBfituen, Tol. xiU. p. S85. 
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divided circle is, a!i usual, cut a'lray. and the plotting is executed 
witbin that space. 

The parallel meridians allow the protractor to be placed 
exactly where it is needed, very few meridinnOinea l>eing required 
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Fill, 63. — ^Percv'a fortu of uurdlxianl protractor. 

on the plan. The divergeuccB marked at the euds of the parallel 
lines will allow the protrnctor to be twisted for declination, go 
as to bring the meridian to the date of the survey. 

Drawing-pens.— I'ig. (14 shows a drawing-pen; it has two 
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Fio. fri.— Drawing-peu. 
(CiMilIr f'xt ^ Hturt. tr. r. JOmlcy «imI a., 



iW.) 



pointed blades, kept apart by a spring ; the distance apart can 
be adjusted by turning a uiilled-head screw. It is supplied 
with ink by means of a brush or pen, and when used should 
be held nearly upright between the thnmb and forefinger. After 
being used some time, the nibs become blunt, and will require 
sharpening on an oil-stone ; tkiK is an operation requiring some 
skill and practice. 

CurveB. — For drawing curved lines, such as railway cuitcs, 
it is found useful to hare ruling-edges made of pearwood or 



cardboard. These are cnt to arcs of circles with radii varying 
from 1 to "250 inches, and are sold in sets. 

Weight* and Fini. — To hold the plan while working at it, 
drawing-pins may be used, but these injure the plaa Lead or 
iron weights are more commonly used by mine surveyors ; they 
are of oblong form, and covered with cloth or leather so as not 
to soil the paper. 
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Coloort and Brtuhes. — For iukiug-iu the Qnidlicd plan, Indian 
ink ie used. Tins is generally sold in hexagonal or octagDnal 
sticks, and is gronnd into liquid ink by rubbing with water 
ujK>n some kind of palette. The rnbbing is continued until a 
line drawn with the ink dries quite black. Lines drawn with 
the best ink, however, are liable to run when coloar in washed 
over them, so the lines should be as finn as possible. 

Liquid Indian ink may he obtained which overcomes this 
defect, bat it is hardly so good to draw with as the stick ink. 
Wftter- col ours are used for colouring drawings; they are 
Kupplied in cakes, and are ground in the »ame way as Indian 
ink. 

The best kind of brushes for colouring arc those made of 
sable hair. 

Drawing-paper. — It is imi^ortaiii that thf best drawing-paper 
sfaoald be used for mining plans. That known as Whatman's 
is very good. The sizes in which sheets of drawing-paper can be 
obtained are — 



Demy 

Medium 

Royal 

Imperial 
Doable elephant 
Antiquarian ... 



20 inches bv 15] inches 
22^ M ..* 17 .. 
24 „ .. 1P| ., 
SO .. ,. 22 .. 
40 ,. „ 27 ., 
58 ,, ,, 81 ,, 



Monnte<l plan paper L-an also be obtained in continuous rolls 
iu widths varying fiom 27 inches to 00 inches, or paper ean be 
mounted to order to make a plan of any Bize. For a large 
permanent plan the best paper mounted on Btrong brown 
bollaud will cost as much as 5(/. to 8(f. a square foot. The 
Ibii-kness of the paper and holland together varies from about 
-'n inch up to about -.'- inih ; ..,\ inch makes a very good plan. 

Tradngi.— Copies of drawings are usually made on tracing- 
|uiper or tracing-cloth, which are transparent. These may be 
obtained in continuous rolls the same as the drawing-paper. 
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GEOMETRY, TBIQONOMETRT, LOGA&ITHMn. 



Before proceeding to consii^er the method of surveying on the 
surface by meaus of angles, or of underground surveying which 
is always done by means of Instrumcnls for measuring angles, 
it will be necessary to consider tlm relatiuns of tlie sides and 
angles of a triangle to each other, which are ascertained by the 
science of Trigonometry. 

A slight knowledge of Geometry is also necessary. The 
definitions given below are taken from Kuclid's Elemfuts. 

Fig. 60 shows a circle ; the point A, from which it has been 
described, is called the centre of the circle. 

The diameter of a circle is a straight line drawn through 

the centre, termiuated l>olh ways 
by the circumference (BC, Fig. 

The radius of a circle is % 
straight line drawn from the 
centre to tlie circumference (AB, 
Fig. 65). 

The circumference of a circle 
is the line described by the pencil 
of tlie compass when it is re- 
volved round a point. 

A chord is any straight line 
drawn across the circle from cir- 
cumference to circumference, not 
passing through the centre (DE, Fig. 65). 

An arc is that part of the circumference of a circle which lies 
between the two ends of a chord (.DFE, Fig. 05). 

An angle is formed when two straight lines, not in the same 



Pis. 05. — Cirf^lc: diiunetrr, nuliut^. 
chord, arc. 
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light line, meet together. The unit adopted iu measuring 
ftDgles 18 the degree. The circle is divided into UdO degrees 
<writteii ") ; each degree is sulKlivided into sixl}' equal parts, called 
minntes (written ') ; and each raiuute is suhdividcd into sixty 
«qnal parte, called secondB (written "). The circle is also 
divided into four equal parts, called quadrants, each containing 
90 degrees (CAF, BAF, BAG. CAG, Fig. 65). 

The measure of any angle iCAH, Fig. tl.')) is the number of 
degrees ooTored by the arc CH. 

Aright angle encloses 90 degrees; a straight line at right 
angles to another straight line is said to Ikj a perpendicular 
(Fig. 66,(1)). 

An obtuse angle eontains more than 9*^ (Pig. 06, (2) ). 



Ci) 



ii) 
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Fto. 60.— Angles an*] triao^W. 






An &cul« angle contains less than IM)" iFig. 66, (8)). 

A triangle is a figure contained hy three niraight lines. An 
equilateral triangle has three equal ^ides, and three equal angles 
(Fig. 66, (4) ) ; an isosceles triangle has two sides equal {Fig. 66, 
(6) ) ; a right-angled triangle is that nhidi has one of its angles 
a right angle (Fig. »!«, (5) ). 

A square has four etiual aides, and all its angles are right 
angles. 

A rectangle has all its angles right angles, but not all its 
Bides equal. 

A b*apeztum is a plane figure contained by four straight 
tine«. of which no two are parallel. 

Parallel straight lint^s are tlioi^e which, if produced both ways, 
vonld never meet. 

n 
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The following theorems are aUo taken from Euclid, and 
should be thoroughly mastered : — 

(1) When a straight lino meets another straight line, the 

angles formed are together equal 
to two right angles. Referring 
to Fig, (t7, the two angles ABC 
and ABD together equal tnro 
right angles, or 180'', so that if 
we know the unmber of degrees 
iu one angle, we eau find the 
magnitude of the other by sub- 
traction. 

(2) If two straight lines cut one another, the vertical or 
opposite angles are equal Thus iu Fig. 68 the angle AEC 



B C 

Fio. 67.— Elemoulftry gwinclry. 



Kir,. 68 — Klementary geomelr^. 

equals the angle DEB, and the angle AED is equal to the ang» 
CEB; and the four angles are together equal to 800'; therefore, 
if one angle is known, the other three can be calculated. 

(3) If a straight line, 
EF, fall on two parallel 
straight lines AB and CD, 
the angles AQH and QHD 

•B fire equal, the angles EGB 
and GHD are equal, and 
the two angles BGH and 

^ GHD are together equal to 
two right angles (see Fig. 
6i)>. 

(4) The angles at the 
base of an isosceles triangle 
(see Fig. GO, (G) ) are equal 
to one another. 

(6) The three angles of a triangle are together equal to two 
right angles, or 180'; therefore, knowing the two angles, we can 
get the third by subtraction. 



FiQ, 69.— EleueQtarj geometry. 



GEOMETRY, TRIGONOMETRY, LOGARITHMS. 



99 



(t>) Any t7o sides of a triangle must be together greater than 
the third. 

(7) In any right-angled triangle, the sqnare which ie described 
on tlie side opposite the right angle is equal to the sum of the 
squares described on the sides containing the right angle. 
Fig. 70 shows a right-angled triangle ; then AB^ = AC- + BC". 
Suppose AC is 80, BC is 100 ; then to find AB~ 

AB^ = (HO)" -h flOO)* .-. AB = 128-1 

In the same way, we can find AC or BC, if we have the other 
two sides of the triangle given. 



^ 



tS T^ ^ 

FlO. 70.— A righlftnglod trijuigle. 



B 
Fio. 71.— Klcmootarr geometry. 



(8) If one side of a triangle bo produced, the external nngle 
is equal to the sum of the two opposite internal angles. The 
angle ABC is equal to the sum of the angles DAB and ADB 
(Fig. 71). 

(9) In every triangle equal sides subtend (or are opposite 
Co) equal angles, the greatest side subtends the greatest angle, 

the least side the least angle. 



Practical Gt*mtetry, 

(1) To bisect a line AB (Fig. 7'2); that is, to divide it into 
two equal parts. From A and B. with any radius greater than 
the half of AB, describe arcs cutting each other in e and d. 
From (■ draw a straight line to //, and it will bisect the line AB. 

(2j To draw a lino perpendicular to a given line AB at a 
point C in the line (Fig. 73). 

From C, with any radius, cut the line AB in r, r; from c, c» 
with any radiuB greater than half cc, describe arcs cutting in d ; 
draw the line CJ, and it will ho perpendicular to AB. 




'iV^^'i V& 
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(3) To draw a line perpendicnlar to a given line AB, from 
a point C above or below the line (Fig. 74). 



'^ 



Fio. 72. — Metliod of buecting a line. 
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Fio. 73. — To draw a perpendicalar line. 



The description and letters of the last problem apply to this 
figure also. 

(4) To draw a line perpendicular to a given line AB, at its 

extremity (Fig. 75). 



■^■^4- 
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A " B 

Fir. 74. — Tu druw n perpeodicular line. Fig. 75. — To ^raw a perpeodicnlaT line. 

From B, with any radius, describe an arc having its extremity 
c in the line AB. 

From c, with the same radius, cut the arc in d ; and from d, 
with the same radius, cut the arc in e. 

From '1 and e, with the same radius, describe arcs cutting 
in/. 

Draw the line fB, and it will be perpendicular to the line 
AB at its extremity. 




From any poin 
from the centre C, w 
utd m&ke the arc 
eqaal to tbe arc AC. 

Then the line joiuing 
CD is parallel to the line 
AB. 

(6) To construct a 
triangle, its three sidos 
being given (Fig. 77). 
Let tbe sides be 50, 75, 
and Gi>. Draw a line 
AB, and mark off the 
length AC u'lual to 50 on 
the scale; then, witli centre 
A and radins 75, draw an 

fc, and from the centre C, with the radius 60, draw another 
'*rc, catting tbe first arc in D. Tlien join AD aud CD, and 
ACD is the required triangle. 

(7} To conBtruct a trinngle 
when two of its sides aud the 
angle between tbem are known 
(Fig. 78). 

Let the two sides be 30 and 
40, and the angle included 45^. 
Then draw a Btraight line AB, 
aud mark oflf a length AC equal 
to 40, and, by meaus of a pro- 
tractor, make the angle CAD ctjaal to 15^, and make AD equal 
tu 30. Then, by joining DC, the triangle is completed. 



Fia. 7ti.— To ooojitnict u irlntiglo. tw<i 
8ide» uud the iDCliiiIcd nDgle beis^ 
giveo. 
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Trigottometr; deals with the relative measaros of the sides 

and angles of trianglee. 

Let ABC be any angle (Fig. 79)> then in one of the lines 

containing the angle take any 
point D, and from D draw DE 
perpendicular to AB. Then we 
have formed a riglit- angled 
triangle BDE, and the side DE is 
called the perpendicular ; the side 
BD, which is opposite the right 
angle^ is oalled the hypotenuse, 
and the aide BE is called the 
base. 
From these three sidee we can form six ratios or ^'actions 

as follows : — 

DE^pe^pendionlar ^ ^^ J J ggjj ^^^g^ 

BD hypotenuse ** ^ 



B C A 

Kia 79.— BelktioDfl between ■ides 
und Kdgles of a triaoglo. 



base 



BD hypotenuse 
E D _ perp endicular 
BE~ l^sise 



cosine 



tangent 



By inverting the above three ratios, we obtain tliree more, 
as follows : — 

(4) BD^ **yP***^°"^ is called the cosecant of the angle ABC 
D E perpendicular ^ 

,r\ BD_ hy potenuse 

*'^ BE" ^ase 



secant 



ED 



ootangmt 



perpendicular " 

These trigonometrical ratios are always the same for the 
same angle, but are different for different angles. 

In some cases these ratios — i.e, sine, cosine, etc. — may he 
represented in magnitude by single lines. 

For instance, referring to Fig. BO, suppose the circle to kave 
been drawn with a radius of 1 — 

Then the sine of the angle ABC is ^^ = ^^ '^ FD 



and the cosine 



BD I 
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and the tangent of the angle ABC is ^^ = *p = AC 



cotangent ^ 



secant 



cosecant 



HE „ HE _ up 
HB" 1 ~"^ 
BC ^ BC ^ BO 
" BA I 

BE ^ BE _ OF 
HB ' ~ 

It will be seen that by referring all these ratios to a radius 
of 1, we are able to measure their values for any angle. Thus 
in Fig. 80 the angfe ABC m drawn OO'', and if the line FD be 
H^ measured with the same Boale that 

^^^^^^B A AB was drawn witb, it will be 

^^^^^H / found to be O'Sftfi ; therefore the 

^^^^H / sine of GO'' (to radius 1) is 0-866. 

^^^^^^ _JiS^ss^j^ \i ^ *^® same way the other ratios 

H ^--"""""jIZI!^^^ II. can be arrived at. 



?o 



xC ■ 



Fu, 80. — ^TrigDDometriesl faoctions. 



B« ■ ' - 600 links ■ - 

Fia. Bl. — Vk or trigoaomethcal mtioi. 



Tables of these ratios may be got in which the values of the 
natural sines, cosines, etc., have been worked out for all angles. 

The word "natural sine" is used to distinguish it from the 
logarithmic sine. The natural sines are the actual values of the 
ratios, vhilc the logarithmic sine is the logarithm of that mtio. 

Ex.\MrLE'*.— Oj Ia'I Fij;. 81 I'-pivsent a Iriangulur fielil. Tliu tnse EB \» 
tuKTWu to Im' fi L-Juiim, aleo the angk EBD ^fi'^; tjicn-lo fiixl llie sMe ED. 

We know Uiat ^~ s tangent or EBD - Ou rarerring to our book of tAltJes, 
CB 
«v find tiie tiatuiml tangent ofao^ u 0-6773503. 

Tlien 15 = 0-f.7735«a; bill EB =. i\ chains = «00 link*. Then ED = 

EB 
X 0-577.t5O3 = »4iV4l. .l'.f. 

' Sines thn angle H?:U - lUc angle ABO. 
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In a Himilar romiiior, W working mtt lliu cqiiati< 



BE 
BO 



= rtttiite 30^, wc Cfto 



God tlic utlior hiJu BD- 

(2> At a jioint 1<H) yarO« fi-oin llio fool ur a UritJiug, I mfMnre tltf uiglv of 
elevadou of tlie top, aihI find tliat it is ^^ \h' : what ii tin lieigUt of tba 
batldinj; ? 

l*t Fig. 82 rc|>rew-nt llie pm- 
Mrni; ED i« tJiounknon-iiheiebL 
TIk- Wngtii BE is ktio^ni io lie 
UK) j-flnis. aii.I the ofigK; EBD 
t.. K''2.r 1*1'. 

Tluri |§ = ton a3=> 15'. 

KrcHti llie table of taiigeols we 
fii).l il.ai tail 'iS'' l.V = ii-4*t6:i.'K». 



Ils 



B ^ 

Fm. 82.— Uba of trignDuiuctrJcul ratios. 



.*. ED = 1011 X ii-4iW6a;r.i 

= 43 yanb luearjy'i 



wliich tj( Uic roqiiiri:*! licigiit. 
Of conrw, botli Lbcisc problomB could liave beva solrcd by plotting ; Imi iinlew 
the scale had b<»enV*ry large, th<» remilia would out hare lioeii nearly to 
accumttf. 

Lofiarithmit. 

Logarithins aro used to facilitate calculation^^. 

Tlie logarithm of a uuiuber iss tbc power to which an invari- 
able (or constant) number, railed the base, has to be raised to 
equal the given number. 

In common logarithm? tlie base is 10, and tbe power to 
which III has to be raised tu produce any number is the logarithm 
of that number. Thus— 

10 X 1, or HI' = HI .-. 1 =: log. 10 
10 X 10, or 30" = 100 .-.'i - lug. 100 
10 X 10 X 10, or lO" == 1000 .-. U = log. lOlXt 
1(1 X 111 X 10 X 10, or 10* = 10000 .-. 4 = log. 10000 
and so on. 



It is proved by algebra that 10" = 1 

and 0*1 or ,',. = 10-» 

and 0-01 or ,i„ = lO-» 
(i-(KM or |,Af„ = 10" 
and so on. 



= log 1 

- 1 = log. 0-1 

- 2 = log. 0-01 

- :t = log. 0-001 



Thus we Bee that the logarithm of a number greater than I 
and less than 10 Ia a positive decimal ; and the log. of a number 



I 
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between 10 and 100 is greater than 1 and less than '2 : that 
is to Bay, will be 1 + a decimal, and so on. 

We sec also that the logarithm of any number between 1 and 
O'l is negative, and would lie between and - 1, and can be 
written — 1 +a decimal; and the log. of a number between 
01 and O-Ol can bo written — 2 -(- a decimal ; and bo on. 

A logarithm consists of two parts — the integral, or whole- 
number part, which in called its flnivacfrrUtir ; and the decimal 
part, which is called the maii<i»ifa. 

The vunititiaa of the logarithm may be found in a tabic of 
logarithms, but tbe rhiracU'iiatir is found as follows : — 

(a) If the number whose logarithm is sought is greater than 
unity, tbe characteristic is always one less than the number of 
fignres it i-ontaina ; ibus — 

CO' Cm) 

The logarithm of 43758 = 4-G410575 
4375*8 = 3'tUl(>.'i75 
„ 48-758 = 1-6410575 

4-3758 = OG4:0575 
etc. 

{b) If the number ia lean than unity, the charHcteribtic is 
minus or negative, and is found by adding one to the number 
of cyphers between the decimal point and the first significant 
figure ; thus — 

CO i»i 
Log. 0-4S758 = 1-R410575 

„ <r04a7r>!s = 2(>4 10575 

„ 0-00043758 = 40410575 

Many good tables of logarithms can In- obtained ; tbe author 
ofl«n nsas Chambers's,- wliich. in addition to giWng the loga- 
rithms of all the numbers from 1 to lOMOmt, contain an excellent 
explanation of their use, from which some of these illustrations 
lire taken." 

I. To perform multiplication by logantlims. 

Add tbe logarithms of the factors, and the sum will be tbe 
logarithm of the product. 

■ c = obMBcli-riilic : IB = mantiua. 

' nuuabi-n'« MiUhtmatitsai Tabht. published by W. ^ K. Cliomban. 
* B«bb*ffe and Callel'i Tabl«« give logirithmic bines, cmiava, vto , worh«il out 
In lotemmlB. 
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Kx-uirij:?.— (1) Multiply nyO'.t Vy iW. 
Log. 1>1»0£) = ■&Himb6ti 
„ im = 2'99i»665f> 

Sam = ti-iiy952il, which U Uie log. of ;»9a.»0iiI.^M. 

^2) Multiply y-a-ma, Kt-7IG, ana (HJy3U728. 
Log. I)-03902 = iuIilSSTa 
69-716 = V77mj(yj 

.. (XXWU728 = 3-4Ii7!)353 



Sum ^ 3 fl653133, whiL-ti i^ tho log. af ^i•im:i.i'^fi3:^. Ant. 

II. To perfonn division by logai-ithms. 

From the logarithm of the dividend subtract that of the 
divisor, and the rcmaiuder will bo the logarithm of the quotient. 

Examples,— (1) IlMde 371 -IS by 52-37(i. 
Log. 37!-4!> = 2M9;'-171 
.. .V2 370 = 1-7191323 

DifTorcnee = <f-K.')0dl4>i, which is Lho log. of 7-09-2752. Am. 

(2) Divide 1*4163 by 4-5G7. 

LoB.24l-ti3 = -2-383160y 
,. 4-567 = O-fiSSeSlO 

Diflbram* = l-7-235i9J».which in thelog.of 52-'J0782. Jim. 

III. To raise a number to any power by logarithms. 
Multiply the logarithm of tiie given number by the index of 

the power to which it is to be raiued, and tho product will be the 
logarithm of the required power. 

{I) Kind the c-iibe .ir:W>7l4tJ, written tlittl : (a0'7l46ft 
Log. 3U-71W = 1-4873449 
3 
4-4ti20347. which is tlic log. of a8U7fr75. A «-. 
(2) What is iIk' value of 0-163*? 
Log. tl 163 = )H>t>20377 

^4 

3K481508, which U the log. of 7049-38. Aau. 

IV. To extract auy root by logarithma. 
Divide the logarithm of the given number by the index of the 

root to be extracted, and tho quotient will be the logarithm of 
tho required root. 

(1> t'lnil the cubv root of 1*2345. written Uins : Vl^.^. 
Log. 12345 = 4(Ki]49Il. 
.1)10014911 
l-34x{>f304. >%'hkhtsttiolog.(>f23-1116-i. Am. 
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(2) Fiud thf fourtli wot of 0-007(i54-2. 

Log. O'WlVHJ = :iHK3K99H 
= 1-4709749 

To (livitle A ncgotire olinractcrbttio, n<ld siioli a >pinnt)ly lo the clmnu^tumtic 
n« Will make il rlivmiblo withonl a remftiiidcr, ami [irofix nii e>i|iia1 lumlitir tu Uiu 
ilecimHl p«rt of lli« logarithm. Thns, in tho example, ailJ 1, ninl you get — 
4 + r8R3«[»98 -*- 4 = T-47(W49, whicli Is die log. of 0-290784. -In*. 

In calculations in which Bines, cosines, etc., occur, and 
ritbmB are to be need^ tlicn the logarithmic sine, cosine, 
etc., must be used. They can be obtained itiwa Chambers's 
Tables. 

The logarithmic sine is obtained by findin}i the logarithm of 
the nmnber representing the natural sine, and adding 10 to its 
characteristic. 

For example, if the reader refers to his book of tables, he will 
find that the natural sine of 30 is O-5000000. The logarithm 
of 05 is 1*6980700, but to avoid the iuconvenience of the 
negative characteristic, 10 is added, and bo we arrive at log. 
sine 30 , which is equal to 9-ti98i)700. 

In using log. sines, cosines, etc., the 10 which has thus been 
a*lded is always deducted again, as in the following example : — 

To finfl EDt I'oe^ I"-^. Kxam|rle 2. 

ED = 1*^' >« langtnt 23" 15' 
.*. log. ED = '««• ""' + loR. tan 23'' 15 - in 
= 2 + !t-lKlTO985- 10 
s: l-0;i3(f;n<5, vfhirh in the log. of 42'9t34 
■■' ED = 42-'Jt>4. Am. 
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The Solation of Triangles. — In every triangle there are six 
part^, viz. tliree sides and three angles. 
If any three of these parts are given, 
tint of u hick must he a niiir, the remain- 
^ing parte can be found, the process 
known as the " solution " uf the 
triangle. 

It will be at once seen that this 

information is of great service to the 

(lurveyur, who is able, by observing the 

angles of his triangleB, to calculate 

the lengths of the sides, and thus 

leck tlic meaBured distance. In cases 

Iso where it is not practicable or necessary to measure one of 
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the sides, its length can be calculated from the other known 
parts of the triangle. 

In order to shorten the formulse, the three angles of the 
triangle will be referred to as A, B, and C, and the three sides 
opposite them a, h, and c, respectively {see Fig. 82a). 

Case 1. — Given the three sides a, h, and c, to find the au(fh'$. 

Let X = half the sum of the three sides. 



Then tan ^=:x/-'-^^~'' 
2 V «(« _ a) 

2 V «(«-(,) 



These formulte will give us the angles A and B. The angle 
C = 180" - A - B. 

ExAMi'LK. — The tliree sides of a triangle are : a = 750 links : 6 = ft35 links ; 
and c = 67!) links. Find the angles A, B, and C. 

„ 750 + ftS.'i + 079 ,,,.. 
Here s = :t = ll.i'J 



then tan „ = * / ^= — ,--— ^- 
2 'V 8(« — a) 



K' - «) 

/.li;t2 - ft;(5);113ii - i;79) 



11.^2(1132- 7;'^^) 
/29rir453 
V ll--^^ X .HH2 
= \'(>311i;i21 

= 0'5577921, which \h the natural tangent of the 
an-ile 20° 9' 9" 

- = '>9° 9' <)" 
■> - • ■ 



and the angle A = .'■>«^ 18' 18" 
-a) 

H(K — 6) 

12-7 

ii.^2"(ii3'2-H:t;j) 






AU32 -jfl()<l_132 - 079 



/ 38-i X 453 
V 1132 X 2!i7 
- %^0-5U7053 

= (I-7I74290, wliich is the iiatnral tangent of the 
angle 35" 39' 24-5" 

1) = 35^ 39' 24-5" 

and the tingle 11^ 71° IH' 49" 

nmlf = 18O*-;-)«°lS'lH"-71''18'4y"=ii0=22'53' 
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Case 2. — To solve a triangle, having given two angles and 
a side. 

In any triangle the Bides are proportional to the sines of 
the opposite angles. 

mv <* '' *' 

Thus . — 7- = -. — 1> = ^— TT 
Bin A SID B sin C 

Let A and C be the given angles and b the given side. Then 
the angle B = 180° - A - C. 
To find the sides — 

a h 

sin A ~ sin B 
b sin A 
sin B 
from which we get the side a, 

. r. b 

and -. — 7-, = . „ 
sin C Bin B 

h sin c 

sin B 

from which we get the side c. 

Ex.vMi'LE.— In A triangle ABC, the angle A = ;)0°, tlie angle C = GG", and 
the si<le a is lOlXI yards. - Find the remaining sides and angle. 
The angle B = 180° - G0° - Oft' = 64 
To find ilie aides — 

u ^ 6 
sin A sin II 
1000 ^ h 
■*• sin 50« ' sin G4'' 

1000 X sin 64° 





.-. b 


= 


8iD50° 




h 


= 


1000 X 8987940 
0-7660444 






= 


898-7940 _,,.„.., 
0-7660444-"'^-' 


not] 


c 
tiin C 


= 


h 
sin li 
h sin c 




'^ 


— 


sin B 




c 


= 


1173-29 X Gin m° 




sic 64* 








1173-29 X 0913r4r>.'J 








0-89rt7940 






= 


ii9->-r> 



no MINE SURVEYING, 

Case 3. — Given any two sides b and c, and the angle A between 
them, to find the remaining side and angles. 

The angles (B + C) = 180'' - A, from which we get (B + C). 

and tan — ^— = , ~ cot ^, from which we get (B - C) ; and 

(B + C) + (B - C) = 2B, thus we find the angle B ; and C 
= 180° — A — B, from which we get the angle C. We have now 
got all the angles, and can find the remaining side by Case 2. 

Example.— The two sides of a triangle are 135 yards and 105 yards, and tlio 
aDgle between them is 60° : find the remaining side and angles. 
Let A be the angle ; tlien b and c are the sides. 

The angles (B + C) = 180^ - A 

= 180° - 60° = 12(F 
^ ,B-C\ b~c .A 

135 - 105 , „„- 
= 135+105 *=^*30^ 

= ^^ X t-7320508 

= 0-21650635, which is the tangent of 12« 12' 5^ 
.*. B - C = 24" 25" 58" 
and B + C = 120° 
their sum = 2B = 144" 25' 58" 
.-. B = 72° 12' 59" 
and C = 180° - 72« 12' 59" - 60° 
= 47*'47'1" 
To obtain the side o- 

a _ b 
sin A ~ sin B 
.. _ o_ _ 135 



0-8(J60254 ~ 0-9522168 
aiid a = 122-7 

Case 4. — Given two sides and the angle opposite one of them, to 
find the remaining side and angle. 

Let the two given sides be h and c, and the given angle B. 

then since ~- — r; = ~ — li 
sin C sin B 

. ^ c sin B 
.*. sin C = — y- 

b 

When C is found, A = 180^ - B - C. 

b sin A 
and a = . —rz- 
sm B 

In must be noted, however, that when the angle B is acate. 
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the side h is less than the »ide v, there are two solutions to 
1^ vm^ C. This will be understood on reference to Fig. 82b, 
in which B is the given angle 
and c one of the given sides ; 
the other given side h may 
be in either of two positions 
AC or ACi, thus forming 
two triangles ABC and 
ABC,. The angle ACB 
being th(: supplement of the 
augle AC|B, both would have 
the Bsme sine, and therefore 
either of these triangles would 
be permissible. 

In practical work, however, there will be no doubt as to 
which value to take, as the surveyor generally knows the shape 
of the triangles he is working on. 

It is im(>088ible within the limits of this work to go at greater 
length into the subject of Trigonometry, but the reader is 
referred to one or other of the standard works on the subject,^ 

' Alrawntery THgtHtomtirjff by J. HumlUu Sinilb, poblulied by LongmBOs: 
Trifimmndry for Begimtert, by J. K 1.ook, pubUohod by Macmillaii & Co. 
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CHAPTER VII 



HURFACG Sl'RVKYISO WITH THE THEODOLITE. 

In order to make the plau of a large estate with accuracy, or of 
a small estate with extreme accuracy, or of portions of an estato 
across which lines cannot be uieaBured at will — as, for instance, 
where the ground is occupied with buildings, as in a town— it 
is advisable to use an instrument for taking angles. A transit 
theodolite is generally used. There is nothing in the theory 
upon which the thcodoUte is designed to make it more accorate 
than a miner's dial ; but theodolites ai'e generally used by 
persons requiring extreme accuracy, and the instraments are 
therefore made with great care. A /J-inch theodolite is an 
instrument of very convenient size for an ordinary land sur- 
veyor's use, and is graduated to read to angles of 1'. The larger 
the horizontal cirdo of the theodolite, the greater the degree of 
accuracy with wliich the llieodolitc can be read, thus a I'2-incb 
theodolite reads to 1"; a ft- inch tbeodoHte may be constructed 
to read to angles of 20" ; 8-inch theodolites axe graduated to 
read to 10". For very important work special theodolites have 
been mode up to 8t> inches' diameter, reading to i^,, of a second. 
The larger iu&trumcnts are only required for very large surveys, 
snch as the Ordnance Survey of the United Kingdom, or for 
very important railway surveys, where a long timnel is projectetl 
iu pierce a mountain, as. for instance, some of the tunnels 
through the Alps. The size of the Instrument to be used 
depends on the nature of the work in hand. It may easily be 
calculated that the sine of an angle of 1", to a radius of 100 miles, 
is equal to about 2 feet ; and the sine of an angle of 1' for a radius 
of 100 miles is equal to 153-.i9 feet. It is evident, therefore, 
that for the accurate tixing of places at a distance of 1(»0 miles 
by means of the theodohte — supposing it to be possible that a 
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sight of this length could be taken — it would be necessary to 
have oue reading to seconds or fraoiions of a second ; but for 
fixing a point at a distance of only 1 mile, an institunent reading 
to minutes or fractions of a minute would have a corre3j>ouding 
accuracy- 
Fig, 83 shows a plan of an estate in which the principal 
distances are to bo ascertained by means of the theodolite. The 
first st«p is to select some piece of ground on \vbii;h a line of 
100 yards or more in length can be measureil over a smooth 
and level surface. It does not matter where this piece of ground 



Fio. 83.— Sarro; of aD ettatc by trianifulAtloD from meoEnred bas«, with 

theodofito. 



is, but the nearer it is to the centre of the estate the better ; 
it might, however, be on one sido or even outside the estate. 
It should also bo in a good position for obtaining sights to 
numerous parts of the estate to be suneyed. Having selected 
this ground, let the base-line AB, Hay '200(1 Hults in length, be 
measured. It is essential that the measuring should be done 
with extreme accuracy ; this may be effected by using a care- 
fnlly tcstecl chain, or a steel tape. In order thut tlie steel tape 
may be used with accuracy, the direction of the Une sliould bo 

r 
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first carefully marked out by mcaiia of pegs or otherwise, ai3( 
the distance approximately meaBured with a cbain or common 
tape; then, at the end of every cbain-Iengtb, a piece of smooth 
wood, or Btone, or slate must be placed iu the ground; so that, 
in measuring with the steel tape, the end of every cbain-leugth 
can be carefully marked with a fine-pointod pencil. If the line 
IB not perfectly level, the incliuatiou must bo measured, so 
that the length as measured may be reduced by calculation to 
that of a horizontal line. The temperature at the time of 
measurement should also be noted, ko that corrections may be 
made for expansion or contraction if necessary. At each end 
of the base-line is fixed a permanent mark. This may consist 
of a wooden peg, Bay 4 inches iw|nare, drivtn firmly into the 
ground, the top of which is cut level and smooth, bo as to 
receive the mark indicating the end of the line. The peg A 
may be fixed before the measurement of the base-line is begun; 
the peg B should not be fixed until the point lias been accurately 
marked. After it has been driven in, and the top levelled and 
Bmoothcd, the base-line must be remeasured. and the end of the 
desired length marked precisely on tlie peg. As it will be 
necessary to 6x the theodolite over each of these pegs, it may 
be advisable, in case the weather is wet, or likely to become 
wot, and so make the ground soft, to fix in the ground three 
pegs or blocks of wood or atone, each equidistant from the 
centre-mark, and each at the same level. The tripod stand can 
then be fixed on these three supports without any fear of its 
yielding, and the centre of the tripod will thus be brought over 
the centre-mark at the end of the line. A plumb-bob must be 
UKcil, in order that the trijiod may be accurately fixe<l in the 
correct place. 

Ilaving thus carefully measured the base-line, the theodolite 
is fixed first at oue end and then at the other, observations being 
taken to all tlie points or stations which are visible; these are 
then fixed without any further measurements, although, for the 
purpose of what is called " filling in," it will save time to use 
the poles and chain in the way described in Chapter II. It will 
also be desirable to measure certain other distances, checking 
the accuracy of the distances obtained by calculation. 

It would save time, of course, to use two theodolites, one 
fixed at each end of the base-line, (.f^. at A and B ; but it is not 
everybody who possesses two of these instruments. If only one 
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theodolite is obtainable, two tripod stands may be used with 
adraniage, one fixed at A, and the other at B, and the instru- 
ment move<l from one to the other, so savtug the time other* 
vise lost in correctly centering the iustniraent over these points. 
Stations fixed by Angles. — It is now necessary to fix a number 
of other stations, for instance, C, D, E, F, G, H, I, J, K, L. At 
each of these places a pole is lixed, and the angle made with 
the base-line is road by means of the theodolite. The stations 
are so chosen that no angle ahall he less than llO" or more Ihim 
120°. StationR C, D, E, and F are fixed by reading the 
angles CAB, CBA, DAB, and DBA, also the angles EAB, 
EBA, FAB, and FBA. It will be Been that in the triangle 
CAB one side, AB, and the angle at each end are known, 
and therefore the remaining sides and angle can be calcu- 
lated (see p. 107), and the position of the point C found; 
the positions D. E, and F can eimilarly be fixed with 
great accuracy. The places G, H, I, J, K, and L are not 
absolutely fixed, only one observation being made from the 
nearest end of the base-line. The theodolite may now be 
moved to the station C, and the calculated distance CD used 
08 a base-line for further observations ; the angle ACL is uow 
taken, fixing the jwint L, and a furtlier sight Is taken to the 
point Mt the angle DCM being read; the position N is then 
observed, the angle DCN being read, and the statiou O by 
reading the angle DCO; the position H will also bti fixed by 
reading the angle ACH. The theodolite may now be moved to 
D, and the position IVI fixed by reading the angle COM; N is 
fixed by reading the angle CDN ■ J is fixed by reading tho angle 
JOB; and Gis fixed by reading the angle GDB. A new station 
is projected at P. The theodolite may now be moved to M, and 
the position O fixed by reading the angle CMO ; a new station 
is projected at Q by reading the angle QMO ; the Htation R is 
projected by reading the angle OMR, and S by reading the 
angle SMN. The theodolite may now be iDoved to N, and 
station Q fixed by reading the angle QNM, and the stalEon 
8 fixed by reading the angle SNM, P fixed by the angle 
PND, and cheeked by the angle 8NP; station T is pro- 
jected by the angle SNT. The theodolite may now be moved 
to 8, and the station T fixed by reading the angle TSN. The 
accuracy of the station Q is tested by reading the anglo QSN, 
also the accuracy of the station P by reading the angle NSP. 
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Triang-les. — In this way the whole estate may he covered with 
a series uf triangles, Hiid no single station should be placed at a 
greater distance than is convenient for accurate sighting of the 
staff, this distance depending on the power of the telescope. The 
stations at the end of the system of trlaugulatiou, as, for 
instance, the stations 8 and T, may be quite out of sight of the 
original base-line AB. At every station all the reasonable 
angles should be observed, and by this means every station will 
be observed several times and the aeciu'acy of the work tested. 

Where the direction of u line of fence corresponds with the 
direction of a line connecting any two stations, the length can 
be measured with a chain in the ordinary way, offsets being 
taken to the fence ; the measured length should agree with the 
calculated length, and form n check upon the accuracy of the 
work. 

Groat care ia necessary in fixing the stations, the angle of 
which is to be road. The common method of marking a station 
is to fix a Burve}'ing-pole in the gronnd at the requii-ed spot, 
and, after its position has been recorded, to mark the place by 
moans of a peg driven into the ground. This peg may be round 
and of the same diameter as the pole, in which caw it will fit 
iuto the same bole ; the centre of the hole is marked by a 
cross on the top of the peg, and with care considerable accuracy 
may be attained by this method ; but errors are liable to creep 
in, owing to the staff not being fixed quite vcrtiLally, and to the 
peg not being driven quite into the centre of the hole. Where 
possible, observations should always be made to the bottom of 
the pole, in which case the fact of the pole being placed a little 
out of truth will not lead to any error. 

It would be {lossible to overcome these errors by fixing the 
positions of the stations by means of pegs iu which a hole was 
bored to receive the pole. 

Tripod stands could also be used for sighting to, which could 
bo accurately fixed up over each station. 

One objection, however, to the use of a tripod stand iti place 
of a pole iti that in a level country it might be rendered invisible 
by hedges and walls of moderate height, whereas the top of au 
ordinary surveying-pole can be seen over these ob&tructionR. 
Another objection is the cost and weight of such a contrivance, 
which therefore preclude its use except for very Bi>ecial purposes. 

In the course of a day's work, a surveyor might wish to 
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observe twenty stations, nnd not to disturb tho poles in any one. 
Where the distance is considerable, a slight error in fixing 
the pole may not be observed. Suppose, for instance, that 
the centre of the pole at D (Fig. 88), as observed from A and 
B, is 1 inch distant from the centre of the mark on the peg at 
D, over which the theodolite is subsequently placed ; if the 
distance BD \% 5 chains, this will be au error of 1 inch in :)!H)U, 
equal to an error of about 1 minute, and such an error, of course, 
muit not be deliberately risked. Therefore, after placing the 
station peg at D and marking the centre, the pole should be 
held vertically over the mark, in order to see if it corresponds 
with the station as observed, and if it does not correspond, the 
obscr\ations must be rex>eated. If, however, the length BD, 
instead of being only 5 clmiiiB, had been 1*2 chains, au error of 
1 inch would only be about •2*i seconds, and might be neglected 
in a survey of this size. 

When a survey-Hnu crosses a stone wall or wood fence, it is 
a good plan to make a notch at thu junction; by so doing the 
line is much more easily found un subsequent occasions. 

The position of such objects as church spires, mill chimneys, 
and comers of large buildings may be Hxed by obserratious with 
the theodolite, thus checking the "niUng-in" process done by 
means of the chain. 

The method of triangulation above described is similar in 
principle to that adopted iu tho Ordnance Survey of the 
Briti>>h Isles, the whole of the stations being lixed by triangu- 
lation from two principal base-lines, one on Salisbury Plain, 
flbont 7 miles long, and the Other on the shore of Lough Foyle 
in Ireland, about 8 miles long;' but for this survey specialty 
large instruments were used — theodolites 8 ft>ei, 2 feet, and 
IK inches in diameter. According to Mr. Jiennett H. Brough, 
the exact length of the Salisbury Plain base was (J*i)7 miles, and 
that uf the Lough Foyle base 7'H1> miles ; the length of the latter 
base was calculated by triangulation carried from the SaliHbury 
lain base, and the difference between the calculated and 
asured length of the Lough Foyle base was only 5 inches, 
e sides of some of the principal triangles measured here from 
80 miles up to 111 miles in length ; the principal triangles were 
divided into secondary triangles with sides 10 to lo miles iu 
length, and these again into tertiary triangles with sides 

' Ordnantm Sureej/ of the United Kingdom, hy >laj«ir KmiifliR 1*. WmlunRtoD, B.K* 





averaging U milo in length. It is within these last that the 
chain surveyors work. For the smaller triangles smaller 
theodolites were used. 

The theodolite ia often used, not as the chief means of fixing 
(he station, but as a check upon the accuracy of the measure' 
ments made with the clitiiii, and to facilitate the ranging of 
a long line of poles. With regard to the ranging of poles 
in the manner already descrihcd on p. 14, Chapter IL, there 
ia a possibility of the liue becoming crooked, owing to the 
poles being fixed imperceptibly out of the true line, and so 
causing a gradual, but in the eud considerable, divergeuce ; this 
may bo caused by the poles being blown by the wind or other- 
wise caused to lean on one side after being truly fixed. If. 
however, the line is ranged with the aid of a theodolite fixed on 
some level piece of ground, any slight divergence from the true 
line, when passing acroHS a field in a hollow or hidden from view 
by high hedges, is at once corrected with the aid of the telescope 
as soon as the line reappears in the line of siglit. The angles 
that the main lines make one with another arc also observed, as 
shown in Fig. N4, where thirteen theodolite stations ore shown 
at which the angles of the various lines are observed. In the 
large triangle ABC there shown, the three angles are measured 
aa well as the three sides ; if, however, one of the sides has been 
measured, the lengths of the other two sides could be calculated ; 
bnt as all three sides are measured, the accuracy of the measure- 
ments can be checked by calculation, and therefore, if the work 
is honestly done, it is impossible for an error to escape detection, 
that is to say, it is impossible that* the fact of an error existing 
somewhere shall escape detection, though it may take a little 
trouUlo to ascertain exactly where the error oocors. It is evident 
that one fine day's work with the theodolite will accomplish 
more in the way of checking the accuracy of a triangulation 
already made with chain and poles than fivedaj's' work of actual 
measuicmcnt with the chain across the fields. 

TJte of the Theodolite over Eough and Impracticable Qroond. — 
It frequently happens that it is impossible to moasuro the 
sides of triangles in the way shown in Fig. 84, because of 
obstructions consisting of rivers, woods, precipices, and build- 
ings; in such cases the use of a theodolite or similar angle- 
measuring instrument is necessary, as the distance between 
various stations, visible from some po8iti(m of advantage outside 
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tbe line to be measured, can be accurately 6xed by triangulation 
from some baae-line of known length. In toi.\Tis it is. generally 
speaking, impossible to run diagonal Unus. or to take sights 
from corner to corner of tbe rectangles formed by the streets ; 
it is, however, possible soraetimes to fix the theodolite on 
elevated positions or buildings, and so take observations to 
the principal stations in the survey of a town ; but for the 
filUng-in of the streets, the accurate reading of the angles 
formed by one street with another is the only means of making 
a correct plan. The surveyor, in fact, traverses a number of 
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Fid. 85.— Town surve^Uip witli tho tliHodolite. 



rectangular or polygonal 6gureB, and the accuracy of his work 
can he proved by tbe plan so obtained ngi'eeing with stations 
found by the main triangulation, which Las been conducted from 
some rising ground overlooking the town. 

Fig. 85 shows a plan of a few streets which it ie necessary 
to survey. Tho points A and B are two of the principal 
stations, tbe positions of which have been fixed from rising 
ground outside the town. From these two points, and from 
intermediate stations between them, angles are taken between 
the line AB and other Hues running up the centre of the streets 
to the points C, D, E, T. The point F being also a principal 
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station, the aocuraoy of the intermetliHte survey is thereby 
checked. 

Ai3gle» are likewistt taken at the intersections of the crosB- 
streets. The Hnea between the vttriouH statiunn are then 
measured, off-seta being taken to all buildings; and from the 
angles and measurements taken it will be possible to plot the 
survey thus made. 

It does not often happen that tbo mining surveyor has to 
preimro a plan uf the whole of a large town ; but it not infre- 
quently hap{>ens that he requires an accurate plan of part of a 
town or \-iIlag6 through which he cannot easily range diagonal 
lines of survey. 

Use of ULner's Dials, etc., on the Surface. — The dial is often 
conveniently used for many of the purimaes for which the theo- 
dolite is better applied. The theodolite, being an expensive and 
cumbrous instrument, is not infrequently left at home when the 
dial will servo the purpose in view ; for instance, tho boundary 
of an estate may be traversed with tlic dial, and angles read as 
in Fig. 81, and tho bearings of each line may l>e taken with tbo 
loose needle. In this way the accuracy of thu chaining is 
checked, and it may be fairly argued that the instrument which 
is snfticiently accurate for underground work is sufficiently good 
for the surface, and this, with certain limitations, is true, if the 
dial is a good one and the distances are not long. For filling in 
a few fields, buildings, rows of houses, and for taking the bearings 
of main lines, the dial is a very conv^mient and useful instrument. 

It must, however, be home in mind that the ordinary miner's 
only reads angles to :V, and that an error of 8' is equal to 
•7 in 10,000; but it is not necessary to make such an error, — 
it need not be more than one half, or say 4'H in 10,000, which 
in round figures is equal to an error of \\\ links in a mile. 
^Vhere greater accuracy than this is necessary, the dial cannot 
be used for measoring angles. 

In pref^'rring, however, the use of tho theodolite and of the 
chain and joles for sorface work, the mining engineer is guided 
by the thought that by means of these instruments he can make 
plan wlu'ch is practically correct witliout an error of even half 
link in a mile, and therefore he will not incur the risk of an 
error of 3j links to the mile except for those {rartions of the 
iderground survey where he in comjielled to trust to the 
Bcuracy of his reading of the mag:netic needle. 
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Kag;netic Ueridians. — With the exception of a fow mines 
wliere eome miisnetic ore is worked, every mining plan lias 
marked upon it tbc magnetic meridian, and in the vast majority 
of mines tlie undergrotind Kurvey is made wiili the magnetic 
needle; therefore the correct flxiuf; of the meridian is of the 
very highest importance. For this puq'iose, when a new survey 
is being made, the hearings of all the main lines should be 
taken with the greatest possible care by means of the same dial 
that has been used for the underground survey. Of course, 
before using tlie dial, it Khould he carefully examined to see 
(1) that the needle swings freely and has sufficient magnetiza- 
tion to cause it to overcome any friction there may be on the 
pivot, and seek the north without undue delay; (2) that the 
needle is quite straight, and that both ends read the same, it 
being evident that if the needle is quite straight and tlie gradna- 
tion of the circle quite accurate, the readings of the two ends of 
the needle will agree ; (3) that the lines of magnetic force in the 
needle are parallel with its centre-line drawn lengthwise. The 
first two can he at once seen, and if the needle or graduated 
circle is wrong, another needle or circle must be obtained. Any 
error due to No. 3 can only be ascertained by conipariDg the 
bearing of a cei-taiu line with the hearing given by another 
needle ; therefore, for an important surrey, the magnetic needle 
on the dial or theodolite should be compared with several other 
insti'umeuth. If the same iuHtrument is used for both surface 
and underground surveys, the error due to No. 8 may be 
neglected. 

It has been already said that the ordinary J^-inch compass 
needle can only be read to about i of a degree ; it follows^ 
therefore, that the meridian, as laid down from one reading of 
the needle, may possibly be misplaced to the extent of ! of 
a degree. Perhaps the most accurate wiiy of observing the 
bearing of a line is to turn the sights of the dial until the point 
of the needle corresponds with some mark on the graduated 
circle — either the zero mark or the degree nearest to the bearing 
of the line. It is easier to observe whether or no the point of 
the needle* corresponds exactly with the division on the scale, 
than to estimalu with iireciaioii, wlllioul the aid of a vernier, the 
proportional part of a degree to which the needle points. If, 
however, the dial is clamped with tlie needle pointing to some 
mark on the graduated circle, the sights can then be moved 
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ifarongh tho rractionn of a d<igrt;e necessary to bring them into 
the line of observation, and the fraction of a degree can then 
be read ^vith the vernier, of ^hich the readings are say to U', 
the error in the vernier being not more than one-half of that, 
that is to say, l.l'. The exact fixing of the needle upon one of 
the marlfK in the graduated circle may be done by means of a 
magnifying-glaBs or microscopic eye-piece, and when a surveyor 
has the advantage of broad daylight, there seems no reason why 
there should be any error ; at any rate, the error need nut ex- 
ceed :V of a degree, thus the sum of the errors from one reading 
would he. say. \\'. The observation of the bearing in this way 
should be made, say, three times, and the average taken, and if 
the bearings of six diflTerent lines are each read with an equal 
amount of care, and tlie en-or in any single <'a8e is not more 
than 4!\ it follows that if the meridians laid down from these 
six observations diff'er from each other, they can only differ to 
the extent of 4^', and a mean may be almost perfectly accurate, 
or at any rate it is prohable that the error may be greatly 
reduced, and amount to say only 2', or an error of six links 
in 10,(HK). 

To overcome any iwssihlc error from the diurnal variation 
of the magnetic needle, the meridian should be taken at the 
same time as the survey was made in the pit. 

The writer has seen in Germany a station on the surface 
near a mine for observing the daily ductiiatton of the u<iedle. 
A magnetic needle was delicately suspended in a dark cbauiher, 
and a ray of light was reilected by a mirror on the needle on to 
a graduated arc of large diameter ; the sUghtest movement of the 
needle, being at once apparent, could be easily recorded. In a 
smilar way the variation of the needle is obtained at Greenwich, 
bat in this case photographic records are obtained, 

Ua\'ing once laid down the magnetic meridian ou the plan 
in the careful manner above described, it should not be altered 
unless an equal amount of care is used. Perhaps the simplest 
way of correcting the meridian is to compare the magnetic 
declination, as ascertained at the lioyal Observatory at Green- 
wich from year to year; thus, in the year 1900 the magnetic 
declination was IG' 82' at Greenwich, aud in the year liXU it 
was 16'' 2ti', so the meridian as laid down ou the mining plan 
might be corrected to an equal amount. For the ordinary 
extensions* however, of a mining surrey it is not generally 
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considered necessary to correct the meridian CTcry year ; it 
should, however, be done nt least once in two years. 

The common way of correcting the meridian Ib to fix two or 
moro pegs in some conveniently situated field on a line, the 
be-aring of which haw been accurately observed and recorded on 
the plan ; upon a subsequent occasion the dial can be fixed in 
the direction of tlieae marks, and any variation in the needle 
observed. It must, however, be noted that whilst this is useful 
for the purpose of checking meridians, the minute accuracy of 
the procesB dept^nda, first, on the care with which the original 
bearing of the Une was observed ; second, the accuracy with 
which the jKtgs were fixed in that line ; and third, upon the 
immovability of theHe marks, and the oore exercised in fixing 
the instrument over them. 

Some surveyors advocate the marking on the plan of the 
geographical nortli and »outh tneridianK or lines of longi- 
tude. The geographical meridian, of course, never changes, 
and the magnetic meridian con always be obtained for the 
purpose of plotting the survey by setting off the correct decli- 
nation. 

It must be remembered that great care must be exercised 
in altering the meridian by means of marks upon the plan, 
because, when a plan has been used some years, it is possible 
that, owing to shrinkage or bending or breaking of the paper, 
marks upon the plan may become a little misplaced. If, in the 
onse of an existing plan, it is sought to ascertain the true mag- 
netic meridian, it can only bo done by ascertaining the bearing 
of linos between various points on the surface which are marked 
on tiie plan, and it must h\t borne in mind that, although the 
plan may be on the whole an exceedingly accurate and excellent 
one, it is quite possible that, owing to ditlicnlties of draughts- 
manship and sUght extensions or contractions of the paper, or 
slight errors in the original survey, any particular part may 
be inaccurate to the extent of .l or 10 links or more, and it 
ia important to observe that this may cause a very serious 
error in fixing the meridian. Suppose the length of the Une 
observed be only 5 chains in length, and the two statioas as 
marked on the plan were each only 5 links uut uf their true 
position in opposite directions, this would make an error of 
direction of 10 links in a length of 50o, or 1 in .^0, which is 
equal to an error of 1"* !>', If, however, the distance, instead of 
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being only 5 cbama, was HO chaius. the error would be propor* 
tionatelj less; it is therefore iraporiant that the marks on the 
plan between which the line of bearing is observed should be a 
long distance apart, but, in order to reduce the probable error, 
the bearing of several other lines must be observed, both ends of 
which are quite distinct from the first lino. Supposing the plan 
to be on the whole accurate, and that Ave or six lines are taken, 
each *2() chains in length, it is probable that the erroi*s in the 
position of one line as marked on the plan will balance those of 
another, and that the meridian obtained as the average of the 
observations will be fairly accurate. 

Position of the Shafts. — It is, of course, necessary to fix with 
extreme accuracy the position of the shafts, aud their position 
abonld be indicated, not merely by an accurate delineation of 
them as circular or rectangular pits, as the case may be, but by 
the intersection of lines as shown in Vig, H4. All the principal 
aarvey-UDes should be drawn on the plan in thin lines of seme 
colour, say red or bine, and the length of each line written upon 
it ; particularly should this be done in reference to the lines 
intersecting the centre of the shafts. 

It is a common plan tu rule only one magnetic meridiau 
O|ion the plan, and that is commonly ruled through the centre 
of the downcast shaft ; ujion this line should be written the 
words, " magnetic meridian," aud the date upon which it was 
observed ; but the writer thinks thitt it would, perhaps, be better 
practice, upon the construction of a new aud carefully made 
plan, to rule several parallel magnetic meridians. It is easy 
npon a new aud imused plan to rule parallel lines, but some 
years later, when the underground workings have extended to 
portions of the eeiate perhaps 30 irtches distant from the original 
meridiau, it is not so easy to rule the new meridian strictly 
parallel to the one ruled through the shaft. Of course, the 
meridian first ruled has by that time become antiipiatcd, but 
the new meridian can be drawn through each of the old 
meridians, the variation being the same in each case, either 
from observationB made npon the variation from some fixed 
marks on the surface, or by adopting the variation as given by 
the Aatronomcr Royal. 

In addition to making a plan showing correctly every object 
upoD the surface, the surveyor should mark on it the position 
of lines of sewers, or drains, the property of any sanit&rj' 
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authority, also the position of linos of gas and water* pijieB. 
The lines of fenccB shown are sapposed to represent the centre 
uf the hedge or wall, unless tlierc is a ditch, in which case the 
line shown on the plan should be the centre of the ditch, but 
the position of the hedge should also be noted by a little mark 
upon the line, as shown at /( (Fig. 81). If a wall is the 
boundary of a property, it is generally all upon one side; in 
that case the line shown upon the plan will be the eide of the 
wall that represents the boundary. In the case of a river 
dividing two properties, the boundary-line is generally in the 
centre of the river; in the case of a public road dividing two 
properties, the boundary-line of the minerals is generally the 
centre of the road ; but this is not always the case, aud the 
correct bonndarj'-llne of the mineral property may have to be 
determined by reference to the title-deeds. 

Redaction of Lengths for Inclinatioii. — As before mentioned 
(p. 11, Chapter II. )i it is necessary, in chaining, to measure the 
horizontal distance l>etween various stations for the purposes of 
producing a plan in which all the objects are shown upon the 
same horizontal plane. Where the measurements are obtained 
with the chain or tape, this can be done iu the manner referred 
to, by ranging a series of vertical pules in the line to be measured, 
and holding the trhain or tape as nearly as possible level when 
measuring the distance from pole to pole. For the purposes of 
ordinary accuracy, it is not necessary that this chain Or tape 
should be absolutely level, because at moderate inclinations the 
differences between the length of the line as measured on. the 
slope, and as measured strictly level between the two poles, is 
very slight; thus at an inclination of 2^ the difference is 
rather less than O'l per cent. This, of course, would be a serious 
matter for long lengths, or for the very accurate fixing of some 
particular point, but for the ordinary fiUing-iu of a survey it is 
sufficiently accurate. This method of measuring should only 
be resorted to either in the absence of instruments for taking 
the inclination or for the case of short slo[>es, banks, or terraces. 

One of the chief uses of the theodolite is to facilitate the 
taking of the vertical angle formed by the slope of the line to be 
measured, and a line in a horizontal plane ; iu order that the 
true horizontal distance may be calculated. The method of 
reduction generally adopted may be explained with the aid of 
Fig, HO. Here the distance measured ou the slope is, say, 1562. 
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tb(! angle of incliuation iu "T. It is evident tbat the horizontal 
distance is equal to tUo cosine of the angle, if the elope is 
considered as the radius, and the vt-rtical height of the upper 
end of the slope above the lower end is ec^ual to the sine of 
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Fiti. )f6. — Redaotioti to horizontal divtance oT lengUiB measoxed on a slopu. 

the angle. On referring to a book of mathematical tables. 
it tppoars that the natural co»iud of 2° ie 000931)08, and the 
natural sine is 0*03-18095 ; therefore the length measured on 
the slope has to be multiplied by the decimal fraction represent- 
ing the cosine ; thus if the length had been 100, the cosine 
woulil be 9D'930; if it had been 1000, the couine would be 
999'89; in this case the decimal fraction has to IfO multiplied 
by 156*2, and tbe actual cosine, which is the horizontal distance, 
is 150rO484*29G, and the length of the sine is obtained by 
multiplying the decimal fraction by 15fi2 ; therefore the actual 
sine or altitude is SV.'JldOigO. 

■ In taking the inclination with the theodolite, the vertical 

circle is clamped with the vernier at zero, and tbe telescope is 
fixed horiKontally by means of the levelling-screwB ; the leleBcoi)e 
is then undamped, and fixed upon tbe station of wbich the 
nititude has to be obserrcd, the vernier reading giving the angle 
of inclination. It is important that the cross-bairs of the 
telescope shall be fixed upon a mark which is the same height 
above tbe ground as the centre of the telescope, and for that 
purpose a cross-bar or piece of paper should be fixed upon the 

^pole at tbe proper altitude. 
Average Inclination of Slope and Steep Undulations. — It must be 
borne in mind tbat with tbe theodolite the average inc^iination 
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of a slope is measured ; this may be a moderate inclination, 
say 4"", as shown in Fig. 87. Here, supposing tbe length of the 
straight line measured down the average tiilope along a line 
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stretched tight h-om top to bottom, to be lOOU links, tbeu tho 
reduced IcngtU is equal to 1000 linkR multiplied by tbe decimal 
fraction repreflentiog tbe natural cosiue of 4"^, which is O'0075fU 1 , 
or the reduced length is 0975(J41 links. 

But in this particular case the average slope is compounded 
of a number of shorter slopes, some of wliicb are very steep, as 
shown in the following table : — 
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Total KIT 62 



Here it will be obsened that the total Icugtli measured along 
the undnlatioDH is l()86-3, and therefore it would be very mis- 
leading to reduce the length so measured by the reduction due 
to the average inclination for 4" ; it is necessary to measure the 
inclination of each slope, unless the method describod in 
Chapter II. of measuring in horizontal steps is adopted. 

The student will gather from this example that one short bit 
of steep incline, say "28^ in 100 links, may cause a greater error 
in measurement than a gentle slope such as '£' would cause in 
1 mile. 

For the puri>08e8 of precise accuracy in h large survey, it is 
necessary to take the inclination of tbe gentlest slopes, bnt it 
is far more important to bo careful in the chaining of short 
pieces of rough ground ; and, where perfect accuracy is reqiiireci, 
it is necessary to stretch the chain, or steel tape, or steel wire 
from station to station, the precise inclination of this wire being 
observed. 

Measurements can be obtained with great accmracy by the 
system of triangulatiou shown in Fig. 8S, as by this method all 
the errors due to the roughness of the ground are eliminated, 
except so far as they may aifect the shorter lines between the 
main stations. 
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Ix tbo collieries of Groat Britain the shafts arc generally sunk 
vertically, iu which case the centre of the shaft at the liottom 
shoald he vertically below the centre of the shaft at the top ; 
but it sometimes happens that the shaft has got a little twisted 
in stnkiug, and therefore, in starting the survey uf a new 
colliery, it is necessary to hang a plumb-line down the shaft, 
in order to transfer the centre-mark from the surface to some 
beam at the bottom of the shaft, and when this hau once been 
carefully done, it ia desirable to make a written record of it 
upon the plan (see Fig. B-1). If the shaft is not vurtical. the 
btiarin^ and inclination must be taken in th^ sanie manner as 
any other highly inclined passage. 

Surreying; with miner's Dial or Compais. — The following is tbo 
method uf making an ordirniry colliery survey with the Hedley 
dial shown in Fig. 2i. Assuming that there is no iron or 
other substaiicti to attract the needle from the meridian, the dial 
is placed in the centre uf the road of \<'hich the direction is 
ie4uirod. A mark is fixed in the centre of the shaft, say a 
lamp; if this lamp cannot bo conveiiieutly fixed in the centre 
uf the shaft, it may be moved nearer to or further uway from 
the dial, but it must be placed on some part of a straight line 
which [msses through the centre of the shaft and the dial. 
The distance at which the dial is placed from the mark, ur the 
length of the sight, is, generally speaking, as far as the natore 
of (he case permits. Sup^iostng the road to be straight for a 
couaiderablo distance from the shaft-bottom, the dial may be 
placed, say, 5 chains from the mark ; but the distance must not 
be BO great as to prevent the surveyor seeing the lamp clearly 
through the slit of the sight, or holding convenient communication 
with the other members of the party who are making the 
moaauremeuts and fixing the lights under his direction. Tlie 
dial and lights should always, where practicable, bo fixed in the 
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centre of the roadway to bu measured, and then the Une of survey 
will correspond exactly with the direction of the roadn. When 
this is not done, offsets must be taken to the side of the road. 

The dial being now fixed and levelled, the hall and socket- 
joint, or other arrungtineut for levelling, is clamped; the 
needle is undamped ; the sights are turned upon tlie candle or 
lamp to be observed ; the surveyor looking through the slit, and 
cutting the lamp-Hame with the vertical hair. As soon aH the 
needle is steady, the hearing can be read. The dial should be 
bo placed that the side of the graduated ciiclo which has the 
letter N' engraved on it is turned in the direction in which the 
survey is proceeding ; that is to say, in this case, in the direction 
from the shaft towards the dial. If the north end of the needle 
now points exactly to the zero mark under the letter N on the 
graduated circle, the direction of the line is due (magnetic) 
north ; if, on the other hand, tlie nnrtli end of the needle points 
to the graduation at IHU", or to the zero mark under the letter S, 
the direction of the line is duo south ; if the needle {>oints to the 
ilotli degree, the direction of tlie line is due west ; and if it points 
to the 27Uth degree, or to the zero mark under the letter E, the 
direction of the liue is due caat; if the needle |>ointH to the 45th 
dt'grce between the letters N and \V, the direction of the line is 
north 15^ west; if it points to 20, it is north 20"^ west; if it 
points to some i>lace between 20 and 21, say a qnarter of the 
distance from 20, the direction is north 20]" west. The hearing 
so observed is booked ns No. 1 bearing. A light is now ti\ed at 
a point further along the road, and the sights of the dial are 
turned upon this, care being takcji that the sight which ia on 
that side of the graduated cirtlo on whicli ja marked the letter X 
is turned towards this tight, because that is the direction in 
which the survey ia proceeding. The bearing is then read in 
the manner described for No. 1 bearing, and is booked as No. 2 
bearing. The measurements are now taken, a Gunter's chain 
being generally used. If it is desired to note the exact width 
and every slight bend in the sides of the road, then the chaining 
may be done on a liue kept straight from the dial to the light, 
by ranging lampd or candles in the line, in the same way aa 
poles are ranged in a lini- on the surface, and offsetH can be 
taken to right and left of this line. The length at which roads 
branch off is also noted. When the measurements have been 
made, the surveyor proceeds with the dial and legs past the 
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fot^ard ligbt along the roud which lie is surveyiug, till he has 
got a convenient distance, or till he comes to some turn in tho 
road which would hide the light from hia view if he went 
farther; be again fixes the dial in tho centre of the roa<1, and, 
itigbting back to the Unht he has left, takes Xo. ^ bearing, and 
sends a ligbt forward for No. 4 bearing; then the measore- 
meuta of tbeso two lincK are taken. In tbia way the iiurveyor 
proceeds thronghont the mine. lie will, ]}crha])S, survey back 
tu the shaft by another road, and hiti last sight may be taken 
to the identical npot on which the tirnt Uglit was placed; in 
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that case there is what is called " a tie." Daring the course 
of the snrvey, the surveyor will probably leave marks opposite 
the centre of Home of the roadb branching out to the right or 
left, from which he can start to survey thu Ijrunch road. In 
"loose-needle" aurvcying only one set of legs is required, and 
this ia used for the dial, the lamp or canille to which the sigbta 
are takon being put on the floor of the mine. 

Booking. — There are several ways of booking or recording the 
bearings and measurements. One is shown in Fig. 88. This 
may bo called the graphic method : the note-book contains a 
sketch ; very little attempt is made to make the sketch according 
to scale, but it shows the turns of the road, branch roads, etc., 
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plotting. The sftme survey may 
be booked in consecutive writing, 
as shown in Fig. 89; or, agam, 
in the form of ft table wbith may 
be prinieil bo that the columns 
only have to l:e fiHed up. An 
instani'Q from another mine is 
shown in Fig. i(0. These three 
methods, tljo graphic, the written, 
and the tabular, have their dif- 
ferent advocates ; but tho ex- 
perienced surveyor may use all 
three methods at various times. 
Fig. 91 is the plan plotted from 
the survey notes given in Figs. 8H and B9. Fig. 02 is the 
plan plotted from the bookings given in Fig, 90. Tho method 
of plotting is given in Chapter IX. 

Pa»t-ne«dle Dialling with Dial with Outside Vernier. — It 
happens very frequently that, owing to the occuiTence of iron 
or other source of attraction, the needle cannot be used near 
the bottom of the shaft, and inrhiipH the only place iu which 
& correct hearing can be obtained is in some old ruad or in some 
working place from which the rails can be removed. When 
this is the case, the survey may be made in one of two methods. 
No. 1 method : The stirveyor proceeds at once to the old 
road or other place where he can obtain a loose-nee<11e sight ; 
this is, perhaps, a quarter of a mile from the pit-bottom. 
He there fixes his tripod stand tirmly, levels tho dial, and 
let* the nee<lle Kwing ; he then looks forward in tho direction 
in which he intends to proceed, and obBcrves the bearing. 
This forward light is fixed upon a triiwd stand similar to the 
dial-stand, which is placed at a convenient point on the line to 
bo 8Urveye<l, the lamp being placed in a cup which has been 
carefully levelled ; the cup should be of such a diameter as just 
to contain the Iam[> without diftlculty ; in this way the centre 
of the lamp is made to coincide with the centre of the stand. 

The dial is now moved forwtird and placed on the stand 
preriously occupied by the lamp ; the lamp-cup and lamp being 
removed and placed ujuu ihe stand from which the dial has been 
taken ; n third tripod with cnp and lamp is sent forward along 
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the road to be surveyed uBtl iixeil at a couveiiient diatunee. The 
dial being now in a place m here tliore is attraction, the needle 
IB no use, anil may be clamped ; heucc thu term '* fast-needle.'' 
The vernier circle is now undamped, and the zero mark on the 
vernier fixed at a mark on the external graduated circle corre- 
sponding with the loose-needle bearing last read, thus if the 
bearing was N. 89^ SO' \V., the vernier ie pnl to N.W. 8ft' 30'. 
and 18 clamped in that position. The sights are now fixed upon 
the light where the dial was previously, and the bearing as read 
on the vernier circle is, of course, the sanie as previously, that 
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Fio. 90.— Tabular metbod of iMmking % ntmy. 

is, N.W. m" 30'. The vertical axis of the dial is securely 
clamped, the vernier circle is then unclamped, and the sights' 
directed, by means of the milled head on the pinion, upon tlie 
forward light, bearing in mind that tlio sight upon that side of 
the dial where the letter N is marked ik always turned in the 
direction in which the scirvey is proceeding ; then, having fixed 
the sights upon the forward mark, the vernier is read, say, 
N.E. 314". The vernier circle is then securely damped, the 
vertical axis is undamped, the dial is removed from the tripod, 
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the lamp and lamp-cup from the tripod behind are brought 
forward and put in the place of the dial, the dial is taken 
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Scalt - Z Chains to one inch 
Fio. 91. — Plan plotted from the sorvey notes given is Figs. 88 a&d 8f>. 



forward and substituted for the lamp and cup on the forward 
iripod, and levelled. The back sight is now taken to the stand 
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Pio. 92.— Plan plotted from tbe ourve; notes giren in Fig. 90. 
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where the tlial was last fixed, and the Tertioal axis \9, damped 
with the eights on this line, the bearing on the vernier circle 
reading, of course, as before, N.E. 314". The vernier circle 
is now undamped, a trtjH)d with lami> and cnp are fixed 
forward, and the eights turned on to the forward light, and the 
bearing is read by the vernier, say N.E. 314' 30'. The survey 
is oontinned througliont in this manner. 

If, during the course of a survey, the dial is fixed at some 
station where there is believed to be no attraction, the needle 
may be undamped and the bearing of the ncodle road. This 
should agree with the bearing shown by the vernier ; if it does 
not agree, it is a proof cither that there is attraction, or that 
the survey hsH been inaccurately made ; if it agi'ees, and if 
there is no attraction, it is a proof that the angles have been 
a,ccuratcly taken. The more loose-needlc sights that can be 
obtained in a fast-needle survey the better, because by this 
means the accuracy of the work ia proved. 

No. 2 method : Instead of the preceding mode of beginnini^ 

the survey, another, which 
is ])erhaps in some re- 
spects more accurate, may 
be adopts. Fixing the 
dial similarly where there 
is no attraction, the needle 
is undamped, and the dial 
turned until the north end 
of the needlo corresponds 
with the zero mark under 
the letter N on the gra- 
duated circle, ^ith the 
help of good lights the 
needle may be adjusted to 
this mark with great ac- 
curacy, with an error of 
aay not exceeding 1'; but 
to attain this degree of 
accuracy, the surveyor 
must lake great pains. 
The vertical axis of the 
dial is now clamped and 
Ibo neodle again observed, to make sm-o that it still points to 
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X.; the vernier, of course, also corresponds with zero on the? 
oatsidc circle. The vernier circle ia now nnclampcd, and the 
rights directed, by means of the racking jiinioii, on Ui iho forward 
mark, and the hearing read as before, say N.W. SJl' 30'. The 
lorvey and bookings ihen proceed as before. The booking of 
this survey (by the graphic method) is shown in Fig. OS. 

Tliere is no difference between the booking of a fast-needle 
anrvey and a loose-needle survey, except that it is a good prac- 
tice to book the angle of the quadrant as well as the angle of 
the circle, as this forms a check upon the accuracy of the 
Iwoiungs. The outer graduated circle on which the vernier 
vorks is divided continnousiy from (V to 3(10", and ia not suh- 
di\-idt*d into quadrants, so that the angle of the quadrant has to 
be obtained by a montal caloalatiou, as follows :— 



Amte M mil on drclL 
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I8U* ftud 'intfl 

270* iwd 88U° 



N.W. 
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N.E. 



QudrtMUCh. 



Sttiii' HH riiolu-rcnilini! 
Snhtmot cirole-re-ndinn frnm ISli"* 
Rubtmct ISU^ rrom oitt-Ut- reading 
Sabtract circle-reading frum 30*^ 



Tin? quadrant angles are shown on the bottom of the dial- 
box and act as a check on the calculation. 

The practical dijfercncc between the making of a fiLst-needle 
survey and a loose-needle survey is that the dial has to be fixed 
twice vrhon using the fast uccdlo for once that is required in 
using the loose needle, because Iho back sight in i)]o fnst-needle 
survey is required as a base-line from which to measure the 
angle of the forward sight, whereas in the loosc-ueedle process 
the magnetic meridian always forms the base, and bearings can 
be read both of back-sight and fore-sit;ht from the same station. 

Fut-needle Survey with Dial with Inside Temier. — Many dials 
ore made without the ontside graduated circle and vernier, the 
vernier being inside, moving round the circle with the sights 
At shown in Fig. 28. If with this kind of dinl the vernier is 
moved from the zero, the sights aro out of position, and the 
vernier must bo restored to the zero mark before taking a loose- 
needle bearing. The process of faat-needle surveying with this 
dial is iLS follows: Placing the dial, as in the last instance, on 
a tripod stand where there is no attraction, ihv. needle is 
uuchimped, and, when it has settled, the dial is turned on the 
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Vertical ii\is (the vernier being at zero) until the zero on the 
graduated circle is opposite the nortU end of tho needle. The 
lightB are now in the magnetic meridian ; tLe verticiil axis is 
then clamjied nnd the sights turned, by means of the racking 
pinion, upon the forward murk, reading N. 89" SO' E, It will 
L>o remembered ibiit in the snrvey last described the Waring 
was pat down as N.W., but this time the bearing read by the 
vernier is N.E.. that is because the vernier is fixed on the Bame 
circle as that iiHed for the neeiUe, and for convenience in rending 
the needle (in looee-needle surveying) the east mid west have 
boon transposed on the circle. Having read the bearing thns, 
N.E. 89" 3(1'. it is bo()ked as N.W. 8fl' SO'. The surveyor now 
moves tlie dial to the forward stjind, placing a lamp where his 
dial was tixed ; looking back towards this lamp and clamping 
the vertical axis, the bearing still reads, according to the dial, 
N. Hl^ MO' E. He now tums the sighij to the forward light, 
which reads N. 46' \i., and is booked N. -Ki" K. He now 
clamps the vernier circle, anclam]»8 the vertical axis, and moves 
the dial on tu the forward legs, and fixes tho i^igbts in the 
direction of the back sight before he uiiclami>8 the vernier screw 
to take the forward sight. He [iroceeds with the survey aa in the 
previous instance, but with this difference, that he always books 
the bearings as read from the vernier with the E. or W. reversed. 
If he arrives at some place where there is no attraction, he can 
loosen the uei'dle, the north end of which should then come to 
rest at 0' uitder the letter X on the graduated circle ; if it does 
not, it is a sign that there has been some mistake in ijiking the 
nnglfs. 

Fait- needle Surrey without Loose-needle Base — Dial with 
Outtide Vernier. — Another method of proceeding with tho fast- 
needle survey is to fix the dial in the road which it is desired 
to survey, notwithstanding that there ih attraction, and turn 
the sights towards a mark in the centre of the shaft or other 
station forming the beginning of the survey. The vernier circle 
being clamped at tl", this line is booked as due north, or 0*. 
The forward sight is taken to a lamp fixed in a cup on the 
tripod stand. To take this sigiit, tlie vertical axis having been 
first clamped upon tlie back sii^ht, the vernier circle is undamped 
and the sights turned upon the light; the angle is then read on 
the outside circle, say N.E. 1*50* or N. lO"" E., and this bearing 
is hooked. The vernier circle is then clamped, and vertical axis 
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itnclnmped, and the dial innved forward and the nights fixed 
Again in tbc line of the last sight, reading, of course, the same 
bearing. The verti<*al axis is now clamped, the vei-nter gi-row 
undamped, and the si^^hts turned upon the forward light, the 
Irearing reading on the outside cireic say N.E. ;.U0' or N. 20' K 
The survey ik continued iu the same way, the fir^t night that 
was observed heing taken as the meridian line. 

When Kome [Kirtion of the mine is reached where there is 
DO attraction, the »ight» are fixed upon the back sight, which 
has been recorded say N.W. 'iO"*; the needle ia released, and the 
real bearing of the line in which tbc sights are clamped is nbown 
by the nee<lle-point ; tbuK the bearing, aa read on the vernier 
circle, is N.W. 20*, whereas the actual bearing as shown by the 
needle is S.W. '>^, or 130' an the circle, showing a difference 
between the real bearing and the iK^nring so far ret^orded in the 
survey, of 110\ The bearings hitherto recorded in the note- 
book may now be all corrected by the addition of llO'*; thus 
the first bearing, instead of being N. or 0", is really S.W. 70" in 
the quadrant, or 110 on the circle ; the next bearing, instead of 
being N.E. U^^ or Ji50' in the quadrant, is S.W. HO , or 100" on 
the circle: the next bearing, instead of being N.E. 20", or 3 JO* 
on the circle, is due W., or 90" on the circle. 

Haring now got the true bearing, ihu vernier circle is 
adjoBted to it, and set at S. ^VP W. or l.'to ; the forward sight can 
then be read say I i0\ or S. 40 W. ; the same bearing, of course, 
will be given by the h»osu needle. The dial is now moved to 
the forward station, where there is attraction ; tlie vernier plate 
has been clamped at S. 40 W. ; the sights arc uow llxcd on the 
tripod previously occupied by the dial, and the forward bearing 
rend with the vernier, say S. 30^ W., or ISO"", and the survey con- 
tinued ill the manner described for fast-needle dialling (p. lUS, 
Fig. 93). 

This process is sometimes modified as follows : The whole 
survey is made with the fast needle, using the first sight as 
a base-line, and calling that north, without any ri-ference to 
the actual direction, as in the instance above given, no loose- 
needle sight being taken until the cud of the survey (loose-needle 
sights may be taken during the progress of the survey at places 
where there is no attraction, to obtain the bearing; for this 
purpose a diversion may be madu iuto some place where there 
ia no iron), which is, say, at the face of the workings or the end 
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-, -; r--zr « r.-.-'r r»i:5 iff other iron have been remoTed. 

; . -. •» r::;AScv.. *iid the true bearing of the last 

.-^ - « : -z a^ «»T y. iUV E. in the quadrant, or 330, 

- - ^ :^--^4.# ::.; ■.i:>minal bearing, as recorded by 

-■. -v."^ ._ . — -- ' .V ri: ^^asie line, was N. 50'' W., or 50" in 

• . ^ . « -^ * .:.r.r^ --.'¥ .■>:' Sii" between the two bearings, 

-V^ -■» -: i:- cr*£=»ti.".i? on the circle. The first 

^ >'-i- --. >ii:r^Tr£»5r!?T be corrected to that extent, 

V ^5*»- - ■* »- : .r^i.»-^:^ow read '280** in the circle, or 

- .: ^ :-^ ^^i.--!; ri. hearings will be plotted as 

. , V : -•.■ .-,v. r^. _; -,t i:rtvTiv"»u of the first sight as the 

V >, -. ». rfikin^r.* =:eridian will now Iw ruled 

\ . -,, , *.*■». •■. <ar: "j-rvy::!. which is say the centre 

>. 1* - --,-..«. :*i".; r^It^i at an angle of 80' (or 

iN. \ - ' -<. T^^: r vo. . aI :2*ridi*n. A careful tracing 

v.. I. ^ -■>-.. i , ".- ::i-; r^n of the estate, the centre 

^ » " '*. v ■ i ■ ^- ->-r; -vi:i«dent. placing the real 

i *>>t. . 1 1 :_!-. *>jr.Z:3ir 'v.^e of the plan. In a 

V , ■»:<■*■ . X. .-•i^tr -r:^> "> rk.^i<<i £n.im the intermediate 

Tus J4«f«L.« $Lrv«7 v^^^k: Ii»w -mUSm Bu»— Dial with Innde 

T*irx,ifc .■> ->* -> .■-.t.' ^::J' :">:ie graduated circle, 

. . ..-vN ^ »^ v. »x ', *-. 5rc <-jX: is twopded as north, 

'• -^ V * -. :;, '-sTt'.*:!^ 3l\:j :> now clamped, the 

^■-" -" ■ * -v < : . . v^-Ts r.ir::'fc cjvn the forward 

ji ■ . -vi. ; • .;•:,■ :.-7; ,-cj;?-r dial was read with 

■: ^ - ^- v* -siis with this dial N'.W. 

- - ■;.,-.. i ,• s .wi^-c N. li*"" E. The vernier 
.■A . .i-.\x.' ».:: .■^,' M. -v U",'Iaz:r^-d. and the dial 

■— . ;■■. :.-, .rvvtr--, - -.-vv ivi .-^:- >:^K iin^cted back to 
-- ■ "-■ ■- . -■- '.'. . -■ C ^:i< vr\ •■■■::*> ixeJ: the vertical 

Av.> .> . \ .".i ■ vol :, c ^.r-- ,r .;' .v.ir**-. ?5ill reading X.W. 

- '■ " " ..r.\ s V, * u -Itvixv;. iv...! ice sichts fixtd 
: . :.:v>:r.- 1 ;>:. r\.i-. ^ N AV -v. ,t ^'■" ".: :he circle. 

■ '<'.:.\: :: N.^ .is -x:.: :.-• .:.;: .-.i". i-.i :h;5 Nrarini: is 
•:■. i-..: is \ :• y ■;. .- >—•■<;. :< .•.•■■::- -i;d >.: th:< way. :he 
-•^r.v.^f ---■■\; .'.*■, i;"', K. whir. :'.-■ v>:rvU'r r:".iJ# ^V.. and ''i'-f 
^ ''■ ■-■::. .> y .<-•' :> r:-*^*:::-.: -.vj-.-rt t-i^rir :-; :!0 anraction. 
^'"'- ' ■^- '■'•"'- .'--.•• il^t-i a: '.',::•> v'.x:-e. a=-.: ;he b*arr.^ as 
:i->:. -j:^-. :a^:-: ;-■■..-. rr.v.s:? l:iv-:-.T ■;.^-^:: -'rftrvrJ with .crtat 
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Mcaracy, the vernier is turned to 0^ and there clftmpod ; the 
vertical asie Ixiiiig undamped, the sights are now turuud upou 
the back light, and the actual bearing with thu loose needle is 
observed,— the actual bearing ib say, us in the instance given on 
p. 139, S. 50' W., or 130 in the circle ; ivhcreas the bearing, as 
recorded by the vernier, was N. 20" E., and the bearing au 
booked N, '2if W., or 20' in the circle. There is thus a ditference 
of IIU" in the readings, and the readings hitherto taken may 
now be corrected by adding IIU^ The vernier is now undamped, 
and ifi iixed at S.E. 50% or 2H0'' on th« grailuateil circle; the 
sights are now turned again upou the back sight, when the 
loose needle should point to the north, or 0' on the graduated 
cirde; the vertical axis is now again clamped, the vernier circle 
tmclamped, and the forward sight taken ; tlie louse needle still 
pointB to the north ; the bearing is read with the vernier, and 
the survey is i;ontinueil as in the method given ou p. liiH. 

Larg^e Sarveys.~U is fretjueutly the case that the survey of 
a mine or district of a mine has to be interrupted, and recom- 
menced the next day or after an interval of days or weeks. If 
the survey is made on tht; loose-needle plan, there is no dillicnlty 
or diBadvautage attending the interruption ; the place where tite 
survey ends may be lujirked by means of a hole drilW or cut in 
the side or in the root", or may be simply recorded by measure- 
meuts from some fixed place, such as branch roads, and the 
exact position of the light taken by offsets, as shown on the 
dietch (see Fig. i>4). The sturvey can be continued tit any time 
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by placing a light at tliis place, which can be refound by measure- 
ments, and then proceeding to observe the bearing of the forward 
lines. 

In the case of a fast-needle survey, however, the last line of 
whidi the bearing baa been noted being the base-line from which 
the bearings uf the cuutiuued survey have to be takun, it is 
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eitectidl that tbc exact position of the instrament aud of the 
lump lasl observed should be marked with great care. This, 
howf'VBr, is rather a diftictdt and unsatisfactory optitattoii. The 
ordinary woikini^K and roadways of a mine are not Boitable 
phioi'K for accurate and permanent marks ; the roof, floor, sides, 
and liiiilHT are liitblc to contiimouB movement, and might move 
til inoli or two in the ui^bt; the probability or otherwise of 
luoh a niovenient may, however, be kuowii to those who are 
ounntnntly in the mine, and know whether that part is qaiet or 
lultjoi't to movi^n^ont. In order to diminish and to discover 
irrurM dui> lo inarcurate marks, at least three places on the line 
of lurvey Hhould W marked. As long as these three marks 
prtiHorvp tlioir original relative positions, the chances are very 
ntuob n^juiuKl any i<rror duo to the movement or inaccurate 
planiuK of tlio marks. The distances from mark to mark should 
iiIho bo Hii loiiK AS poiisible; thus if the distance were 100 links, 
un urrnrof I inch in the position of a mark would amount to 1 in 
7tld,ur nlKtut \l minutes, whereas if the distance were 5 chains, 
(ho urritr wonUI be proportionally less, or about I minnte. 

A rounnon plan of lixiiig a mark is to diill a hole in the roof; 
lulu lliiH a wotNlcu plu^ is driven, and into the wooden plag is 
dnvin a iniil lU- litvok. from which a lamp may be hung by a 
•Innti, eun< lH<ing taken to seo that the lamp-flame is vertically 
Iwlow th(i hiKik. Three nnirks may all be fixed in the same 
liht), and i\\v diniamv from the dial measured. On restarting 
tbu Hurvi>v, lauipM an* Imng from each of tht^ three marks, and 
if tlioy are in one straight line as originally fixed, the surveyor 
\\\{\y Iifl\»' ennftdt-npe that there has lieen no disturbance. He 
thi'U liu's thu dial under the fortvard mark, and adjusts the 
vuntior to Ihu reading o\ the bearing as recorded in his note- 
book. He tht'U olauips the vernier, uucbtmps the vertical axis, 
and turns Ibe eights un t<> tbt> buck light; then clamping the 
vertical nxia, he unolamps the vernier circle, and takes the 
forward sight in the ordinary maimer, continuing the survey as 
if there had been no inli<rrnption. 

Theodolite. — Where extreme accuracy is required (and in 
every large mine it is required), the theodolite is often substi- 
tuted fur the dial The process of surveying is the same as that 
used with the liedlcy dial with outside vernier, and tlie booking 
is done in the manner shown in Fig. 9.S. In the theodolite as 
generally made the compass needle c&uuot be conveniently 
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road, and is therefore only used for obtaining the meridian. 
Where a trough or tubular compass is used, the needle only 
swings freely when iu the magnetic meridian. If the survey is 
begun at Homo place where there in no att ruction, the telescope 
is turned towards the magnetic north, tlie utmoKt care being 
taken to see that the needle is sx^iuging freely, and that the 
direction of the telescojie is parallel to the meridian line; the 
vertical axin of the theodolite Ib then clamped, the vernier plate 
is undamped, and the telescope directed to\rards the light on 
the line of survey of which the bearing lia» to be observed, 
whether that is a backward or a forward light. The bearing 
is now read from the vernier, and is recorded both as the 
bearing of a quadrant and as tlie degree of the circle, thus : 
SJl. 40", or 40 on the graduated circle. 

It will be noted that the graduated circle of t!te theodolite 
reads clockwiBc, and that, therefore, when the telescope is turned 
from north castwardly. tlie beariug^ as read advance from W 
to 40"*, SO^, and upwards ; whereas ou the outside circle of the 
dial, flhown in Fig. '24, the gradunliona read tlie reverse of 
clockwise, and when the dial is turued N E., the figures read 
from b(JO* backwards, as '6W, -J-iO', etc. Ou the other hand, 
when the sights are turned W., tlie figures advance, as 10% 20 , 
30', etc. ; the reverse of this being the case with the theodolite. 
Some confusion in therefore apt to arise iu the mlud of tliu 
surveyor who first uses a dial of which the vernier circle is 
graduated tlie reverse of clockwise, and then uses a theodolite 
graduated clockwise. The remedy for this appears to bo that 
the mining surveyor using au outsidc-circlc dial should have 
the inner circle read from the needle, graduii.ti.-d the reverse of 
clockwise, and the outside circle graduated clockwise. 

The advantages to be gained Ijy the use of a theodolite, as 
compared with an ordinary dial, are as follows: (l,t More 
accurate sighting of the statioiiK, owing to the use of a telescope ; 
(2) more accurate reading of the angles owing to the use of a 
more finely graduated cir:;le and vernier, read by means of a 
microscope ; (3) longer sights, due to the use of a telescope ; 
(4) greater accuracy in fixing the markft, also due to the use 
of a telescope ; (Ti) greater accuracy in observing tlie iudination, 
due to the long level on the telescope, and to the finely 
graduated vertical circle and vernier read with the aid of micro- 
scopfiB ; (<i) use of the theodolite for levelling, either as an 
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oniiuary level, tbo vornior fixed on the verlical circle at , or 
b3* taking angles, the latter process being sufliciently acciirate 
for most mining purposes, and very much more rapid than the 
ordinary process of levelling; (7) the measurement of lengths 
by using the instrument as a tacheometer ; (8) the possibility 
of taking sights upwards at any degree of elevation, and dowu- 
wards with a depression of 60". 

A special eye-piece is supplied with the instrument, to bo 
used when taking sights vertically upwards, or nearly vertical ; 
111 is enables the theodolite to be used for sighting up vertical 
uliafts, and marks can be placed on the surface or at some 
intermediate level above the theodolite iu the same vertical 
plane as some line of uiulfrf^rtiinul survey. 

Surveying with PriBmatic GompaBs. — This instrument, shown 
in Fig. 2^, may be used instead of the ordinary miner's dial for 
loose-needle .surveys. Of course, for work having any pretence 

iof accuracy, it must be fixed on a tripod stand. 
Snrveying with Henderson's Bapid Traverser. — This instro- 
meni, Bhown in Figs. 4^ and 4-1, has one notable convenience, 
which is that the survey can he just as conveniently started 
where there is attraction and the needle cannot be used, as 
. where there is no attraction. Referring to Fig. 95, the instru- 
ment is fixed up at A, and lovelledj and the sights turned 
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' to the centre of the shaft O and clamped. By means of a 
pencil the line of the fiducial edge ia marked in two places 
on the fifth ring, and the direction of the survey indicated 
by an arrow-head; No. 1 is written in the corresponding 
notch of the alidade. The alidade is now undamped and the 
sights turned towards the forward light at B and clam|>ed; 
the line of the sight is again marked on the fifth ring nnd 
uuirked No. '2. If, however, No. '2 line should nearly coincide 
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with No. 1 line, then it should be marked on the fourth ring. 
The ^ductal edge being clamped on this sight, the instrument 
It lifted ofif the tripod, a lamp and lamp-cup are substituted 
for it, and thf! instrument is placed on the forward tripod B, 
in place of the lamp and cup previously there. The sights 
RIO tamed on to the back light at A ; the vertical axis boing 
then clamped, the sights are now undamped, and turned on the 
forward light C and again clamped, and the direction of the 
sight marked on tho fifth or fourth ring, or, in case the diieotion 
should be nearly the same as in the lines 1 and 2, on the third 
ring, so as to avoid confusion ; this lino is marked No. 3. The 
instrument is now moved to the forward tripod al C, and here, 
as there is no attraction, the bearings can b(^ taken. The sights 
are turned upon the back light B ; tho vertical axis is again 
securely clamped, tho sights are then undamped, and a trough 
compass is placed on the disc beside the alidade. The trough 
compass (see Fig. 3H) ia a compnsH needle in an elongated 
rectangolar box, the sides of which are parallel to the meridian 
on the graduated arcs. One of these parallel sides is accurately 
placed against the thick side of the nlidad*', which is then 
turned until the needle of the compass points exactly in the 
meridian line; the alidade, of course, is then in the same line, 
and this line is ruled with a fine-pointed i>encil across the 
whole width t>f the disc and by the thick side of the alidade. 
All the bearings previously drawn on the disc now appear in 
their correct relation to tho meridian lino. The survey may be 
continued in the same way as it was begun, and all tho hearings 
afterwards marked will also bo in correct relation to the meri- 
dian line, if any other place is met with where there Ib no 
attraction, the compass can be again applied, and if tho 
meridian first marked on tho disc was accurately shown, and 
the survey has since proceeded with accuracy, the second 
meridian line will correspond with the first. 

This method of surveying is similar to tho fast needle in 
this ni8i>ect, that tlie instrument is placed at each end of each 
line, the first line being used as a base from which to measure 
Ibo angle made by it and the second line. 

The instrument may be used to make a loose^needle survey 
in the following manner (see Fig. 96) : The instrument is set 
up AS before at A, and tho vertical a&is clamped ; the sights 
are then unc]am[K'd, and by means of the trough compass the 




meridian in marlced on the disc; tho sightR are then turned on 
the back light at O, and the bearing No. 1 ruled by means 
of tho fiducial edge, as in the preceding example; the Bights 
are then turned on the forward light I, and tho bearing No. 2 
marked as before. Tlie instrnraent and tripod may now be 
lifted Dp and carried forward beyond the light I, and fixed at 
the place B. The sights are then nnclampod and moved till 
the alidade is parallel with the meridian, aB marked on the 
disc, and clamped : the trough compass is now placed on the 
disc with its side against tlie alidade, and the vertical axis is 
then turned until the needle points in tho meridian; the 
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vertical axiB is then clamped, the sights nudampcd and turned 
on the light I, and the bearing No. 3 marked in pencil against 
the fiducial edge. The sights are next turned on the forward 
light 2, and the bearing No. 4 marked. The surrey may he 
continued in tho same way. By this method the instrument 
is only set up ouee for two bearings. 

The reader will notice that in using this instrument no l>ear- 
ings are recorded in the note-book, only lengths corresponding 
lo the numbers of the sights, and, with regard to the booking of 
the numbers and lengths, he may adopt either of the three 
methods used for tho dial» that is, the graphic^ the written, 
or the tabular. 

The Henderson traverser may have as a separate attachment 
a vertical semicircle with small telescope, by which inclina- 
tions can be read and sights taken vertically. There is also 
an arrangement by which moderate inclinations can be read 
without the use of the graduated semicircle; this consists of 
a slide h, which can be moved up or down the vertical limb 
tlirough tho openings of which tho sights nre taken, the eye 
being fixed at an opening at the top of the other vertical limb 
as shown in Fig. 5)7 ; the slide is moved np or down till it 
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becomes in lino with the light that is being observed. Tho 
position of this slide uiarks the angle which the line of Bight 
makes with t)ie horizontal line. 

For the purpose of levelling the disc, a loose spirit-level is 
uaed, which may bo carried in the waistcoat pockt^t. In plotting 
the survey, the cplluloid disc in removed from tlm inntrnmf'nt 
and placed on the paper, where it serves as a protractor ; the 
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directions, being already marked on it, have only to be ruled off 
by means of a good metal parallel ruler. An example of an 
actual Burvey is given in Chapter IX. ou " Methods of Plotting." 
Surveying with Saspended Dial. — In some mines, especially in 
metftl-mines, many of the passages, whether called shafts, drifts, 
rises, or winzes, are so liighly inclined that an ordinary dial 
can scarcely be fixed. If the passage is so short and straight 
tbfti u sight c»ii be taken through from one level to another, the 
steepuesH of tho road constitutes no difficulty, at least it does 
not when working with the theodolite or dial, milefis the inclina- 
tion is more than tWl ; but where the passage ia crooked so 
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that it cannot be surveyed without placing the instrument in 
it, the suspended dial is often used. A strong lineu cord is 
attached to a bar or prop fixed at either end of the length to 
be surveyed, and upon this the dial is suspended by two hooks, 
as shown in Fig. 36. The dial hangs level, and the needle 
shows the bearing of the cord. The length is then measured 
with a chain or tape, and the next length above or below is 
then observed in the same manner ; the vertical angle must at 
the same time be observed with equal care, and this is accom- 
plished by having the vertical circle round which the compass 
box rotates graduated in degrees. 

It is, however, comparatively seldom that this method 
becomes absolutely necessary, because the length of 'these steep 
roads is not generally very long between the levels, and the 
direction can be observed by looking down from the level above, 
and looking up from the level below. 
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The liBual metbcKl of plotting an nndergronnd survey is with 
the protractor, parallel ruler, scale, ueedlo-point. and pencil. 
Protractors are described in Cliap. V. and shown in Figs. 60-62. 
Plotting- with Metal Protractor. — The sun'eyor, having dravrn 
a line to represent the meridian, places the protractor upon 
eome part of the line which is a little distance from the part of 
the plan on which he wishes to plot the beginning of his survey. 
By means of weights, he lixen the protractor ho that 0" and 180* 
are on the meridian line, the C^ being t<^)wards the north. 
Having made a prick-mark at the centre of the protractor, 
he takes the needle-point and pricks off No. 1 bearing against 
the edge (see Fig. DH); with his pencil he draws a dotted line 
away from this prick-mark, being the prolongation of an imagi- 
nary line from the centre of the protractor to the prick-mark. 
At the end of this short dotted lino ho writes the number of the 
sight and the bearing; he then pricks off No. 2 sight, marking 
the paper in a similar manner, and so on till he has pricked 
off all tlie sights of the survey or of that portion of the survey 
which falls within a convenient distance of where the pro- 
tractor is placed. If the survey is extensive, he will rule 
another merirhan line, exactly parallel to the first, on a portion 
of the paper over which the survey will extend. He then fixes 
the protractor on this new meridian Hue, and pricks off the 
remaining bearings, or as many as relate to that portion of the 
survey which lies near the protractor. If necessary, he may 
rule a third aud fourth meridian, and mark off the bearings in a 
similar mamier. He now takcH the parallel ruler and, placing 
it on bearing No. 1, moves the ruler to that part of the paper 
on which he wishes to commence plotting, and rules a line ; the 
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beginning of it is marked with a prick-mark, and the end of it 
is pricked off on the line by means of a scale ; he now fixes the 
parallel ruler in the direction of bearing No. 2 as pricked off 
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Fio. 98. — Method of plotting^ with brui protractor. 
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Fia. 09. — Draft of surrey plottod from tlta bearingH given ia Fig. 98. 

from the protractor, and, rolling the ruler to the end of line 
No. 1, he draws line No. 2 from the prick-mark at the end of 
No. 1 line, and marks off the length with a scale and pricks it 
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off ; and 80 on through the wliole of the survey. The draft of 
the plotted survey is shown in Fig. yj, and the fiLnishod plan in 
Fig. IW). 

In marking off the hearingB with the protrnctor, it is u 
cuminon plan to make a mark on each aide of the protractor ; 
thus, if the bearing was N. GO W., it would be numbered, and 
the direction X.W. written in pencil at the end of the dotted line. 
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Km. 100.— KinUhoi] plu plotltxl fruui lH!ariiig« L'Ivou Id Fig- &8. 

Another prick-mark would then be put uppositt; to it at S. 50* E., 
and the same number attached to it as to the first prick-mark. 
Making those two marks giveH a longer base by which to Bot the 
[larallel ruler, and the written hearing on the N.W. aide reminds 
the surveyor of the direction in which the lino is proceeding. 

Plotting with Cardboard Protractor. — The cardboard protractor 
(as shown in Fig. 6*2) ib often preferred to the metal pro- 
tractor. This is fixed upon a meridian with the zero towards 
the north and 180^ towards the south; a line i» then ruled 
across the meridian in the direction east to west, that is to 
say. from yo to 270 ', so fixing the centre of llie trircle. The 
parallel ruler is then placed with one edge at the centre-mark 
and the same edge at the degree of the bearing, say X. 50' \V,, 
and is then rolled to tUo required position. When using the 
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cardboard protractor tho meridian Ih ruled on that part oi 
tho plan on vrhicli the plotttugR are to be made, so that the 
lines may all be laid dowii within the circle. If the parallel 
ruler is eufticiently long, it may bo Btrelched right acrow* the 
circle, say from N. ftO^ W. to 8. 50 E., and this is the best plan 
and the one nto.nt cummouly adopted. An the plotting proceeds 
the protractor can be moved from time to time along the 
meridian or to a fresh line ruled parallel to tlie first. 

Owing to the large diameter of tho paper protractor, the 
fractions of a degiee are easily observed, and, with care, this 
method of plotting the bearings is very accurate, and no prick* 
marks are made on the paper. 

Vernier Protractor. — The protractor shown in Fig. 61 is 
used where minute accuracy Is necessary in plotting the bear- 
ings, as, for instance, in setting out a bearing, which proceeds 
for a great length in one straight line. The method of plotting 
is the same as that just described with Die metal protractor. 
The vernier is set to the required bearing, and then this is 
pricked off by the needles lixed in the folding arms, tho 
bearing being pricked off on each side of the centre so as to 
increase the length over which it is marked on the plan. 
Supposing the instrument to bo accurately adjusted, so tliat the 
prick marks on each side, when united by a line drawn through 
the centre, are in the same straight line (a test which can bu 
easily made), the bearings can be marked off as accurately as 
they can be read by the theodolite vernier, but the points of the 
needle by which they are pricked must, of course, bo fine for 
accurate work. 

Errori of Plotting. — In plotting by the methods just de- 
scribed, the errors that may creep in are of a very obvious kind. 
With an 8 inch protractor the size of a prick-mark with an 
ordinary needle varies from i ', which is very small, to J', 
which is an ordinary aize; a pencil-hne may bo dra^ni much 
liniT, and, if a hard and carefully sharpened pencil is used, 
may be drawn to about Vn" in thickness. liougbly speaking, 
however, it may be said that with an H-iuch protractor the 
hearing cannot be pricked off with a mark less than \^ in width, 
and that even with the utmost care there may be an error of 
half that, or ,V- 

Great care is required to fix the parallel ruler over the 
centre of the prick-marks, and the draughtsman is generally 
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suffieiently satisfied if be can be sure that the parallel ruler ia 
over both prick-marks without using a magnifying-glass to 
ascertain that it is over the centre of the prick-marks. In 
rolling the ruler the pressure must be applied midway between 
the two rollers, so as to prevent any slipping of one roller. If 
the rollers have exactly the same diameter, the ruler will keep 
itn edge parallel to the line from whit-h it started; if one roller 
is a little larger than the othur, or has upon its eircuuiference 
any dirt aecidentally increasing its diameter, the ruler will not 
keep its edge parallel to tlie Ktarting-line. The accuracy of 
the rolling may be tested by ruling two lines, the second line 
12 inches or more distant from the first ; then turning the 
ruler end for end, set it parallel to the first line, and roll it to 
the second line; if the edge of the ruler exactly' coincides with 
thia line, it shows that the rollers are each of the same size, 
and also that they are fixed concentrically on the nxis. It is, 
however, difficult to get a parallel ruler that is perfectly accu- 
rate, and it is not uncommon to find that in rolling a distance 
H inches it chuuges its direction to the extent of 4', and of 
^course such a ruler is no use for accurate work. The error 
may he reduced, however, by sotting up on the plan, by means 
of scales, a number of parallel meridians not more than VI 
inches apart, so that the ruler will not have to be moved any 
great distance; and the error can be still further eliminated 
by ruling the bearings first with one edge of the ruler and then 
reversing it and ruling the bearings with the other edge, and 
taking the mean. 

The length of the lines is lUao subject Lo errors due to the 
practical difficulty of correctly marking off the distance. The 
diameter of a fine prick^mark on a 2-chain scale is about 1^ 
links, and the diameter of a clear ]irick-mark on a *.i-cbain 
si:ale is about 3 links. It is thus evident that two different 
dranghtiimen may plot the same survey so as to show a consider- 
able difference at the end; and if, after jilotting the survey, the 
surveyor, fitids that it does not tie in, it may be quite easy for 
him, knowing in which direction lies the apparent error, by 
going over his plotting, to eliminate it. 

All these errors may be reduced in amount in the ft)IIowing 
way: By using (1) larger protractors or a vernier protractor; 
(2) a very fine needle-point: (S) a very finely pointed pencil; 
(■I) au accurately rolling parallel ruler. If tlio scale to which 




tb** plan IB plotted is a large one, the measoromenU will be 
plotted more accuxi^tely; bat any errors made in marking oS 
tbe bearings from the protractor will be increased. 

In making a plan, the sarreyor first plots tbe skeleton 
ontUne as shown in Fig. 99. ^S'hen BatisGed with that, he 
rules ia the details as shown in Fig. 100 ; this gives the width 
of the gate-roads, strait>work, banks, and, if desired, tbe 
position of overcasts, stoppings, and other ventilating arrange- 
ments, though these are not usaally shown on the working plan, 
but are pat on another plan kept especially for ventilation, the 
arraugemeuts for which, except in the case of permanent 
overcasts and some of the stoppings and separation doors, are 
liuble la eoiitiiuial alteration. 

Ogle's Protractor. — Where it is possible to lis the paper on to 
a drawiug-boanl and to ase a T-square, tbe protractor shown in 




Pio. IOOa.— Oslo's rorn uf protrnotor. 



Fig. 100a can be advanta^^eoasly emi)loyed. It consists of an 
outer frame, a, with a true edge to work on the T-square ; inside 
this frame is a graduated ring, h, capable of being rotated ; and 
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inside this ie another ring, r, also free to rotate. To nse the 
protractor, the N and S marks on the ring h are placed parallel 
with the meridian line on tlie plan, and the ring is then clamped; 
the required bearing can then be sot oft by moving the inner 
ring c to the required angle. 

Trigonometrical Plotting.' — The meclianical errors of plotting 
may be altogether eliminated by adopting a Bystem of trigono- 
metrical computation, by which the latitude and lougitude of 
every Btalion in the mine are found, and recorded in a survey- 
book. The positions on the plan may be sketched in by hand 
or put on by scale, according to circumstances, and the distance 
between any two ^larts of the plan may be calculated from the 
information contained in the survey-book, and also the bearing 
of any proposed new road between any two places on the snn'ey. 
To facilitate the drawing of the plan, it is made on paper ruled 
in squares, thus forming lines of latitude and longitude. In 
France it is a common thing to have the plan made upon a 
number of separate pieces of paper or cardboard, each piece say 
about 2 feet square ; these can be pieced together, as shown in 
Fig. 101, as* required. In England, however, the praotice is 
almost universal of having the whole of the survey on one large 
piece of paper. If the size of this becomes unwieldy, the 
plan is divided into several districts ; in this case a smaller 
scale plan is used, containing the whole of the mine for 
occasional reference, so that the engineer may see at a glance 
the relative positions of different parts of the mine, whilst 
using the large scfile plan for details. The trigonometrical 
Hystem of computation, where used in England, is generally 
used for checking some main stations when, owing to particular 
circumstances, greater accuracy than usual is necessary. The 
system, however, of ascertaining the latitude and lougitude of 
every station has many atlvantagee, especially where the area 
under one management covers a large extent of country, and in 
fixing the boundaries between different concerns. Wherever 
tliere is a Government survey the lines of latitude and longitude 
shown on the Ordnance maps should be adopted, the measure- 
ment to the Kliaft being taken from three or four of the nearest 
station marks. 

' A abort but vxoolleut tnatUo oo tliia subjoci, outitlcd, " Fraetice in Uailor- 
|^uadSarre7in(c.cto.," by the I»U- Mr. W. P. Uawanl. A.t.C.E., DrClio<aterdel<l, w 
oooUilieJ in Uie Prvceedinijt of the North of Enijhtnd Jnttitute, rul. XX., and ia tb* 
OmtmfiM and Vtrbg$hin SnitUuU, April 13, I87& 
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This method of plotting is applicable erinallj' to HUrface and 
underground surveying. It is usual, in England, to calculate 
the position of every station in links and to two dooimal places. 
If the calculations are properly checked, there can bo no error, 
and the relative positions of any two places on the Hurface, or 
any two underground places, or of one place on the surface and 
another place underground, can be stated to two decimal places 
of a link for distance, and with equal accuracy for bearing, 
always supposing, of course, that the measurements taken in 
the sorrey and the angles observed are perfectly accurate. By 
this system, therefore, the errors of plotting are entirely 
eliminated. 

On reference to Fig. 102 the method of compiitfition will be 
explained. Five points on the survey are A, B, C, D, and 
£, of which A is the beginning. The bearing AB is N. TiO' \V., 
the length H50 links; the bearing BC is N. H!r 20' \V., and 
the length 731 ; the bearing CD \^ N. 41" 35' 2tf" E , and the 
distance 762"2: and the bearing DE, S. »8° 30' E., and the 
distance 280. If we assume that the point A is the point of 
origin, and has ()" longitude and h latitude; what are the 
positions of B, C, D, and E? 

In ordinaiT technicdl parlance in England it is usual to 
speak of distances measured from longitude to longitude as 
"departures," and of distances measured from latitude to lati- 
tude as "latitudtiH." In Franco the geographical terminology 
is maintain(Hl, and the distances measured from longitude to 
longitude ore referred to as "longitudes;" but as in English 
books the word " departure " ia connlantly Huhstiiuted for 
"longitude," the student must understand that they arc con- 
vertible terms: the "latitude" means the distance measured 
K. or S. along the meridian, aud the "departure'' means the 
distance measured E. or \V. at right angles to tlie meridian. 

To ascertain the latitude and longitude of B, the dis- 
AB may be regarded as the radius of a circle of which 
ion is shown, x\jz ; the meridian line AM ib drawn through 
another radial line, and from B a perpendicular is let fall on 
to the meridian at x. The line Bn ih the departure of the line 
AB, or distance measured between lines of longitude, and is the 
sine of the angle at A to radius AB. The line Ac is classed 
under the title of latitudes, and is the distance from latitude to 
latitude of the line AB, which is the cosine of the angle at A 




54 



•I 



■a 

if 



METHODfi OF PLOTTING AN UNDERGROUND SURVEY, 159 



to the radius AB. The position B is obtained as follo^rs by the 
use of a table of natural einoa and coaineR : Tbo sine of 50'' to 
radios 1 is (1*7*560 1 ; tbis, miiltiplied by tbe actanl radius, which 
is 850, gives the actual length of the sine Bs, ()-70tiO4 x 850 
= (a) f>51"13, and tlie cosine of 50" to radius 1 = 0'(U'27rt, and to 
radius 850 = 0-6-i*27H X 850 ^ (/>) 54G-37; therefore the longi- 
tude or departure of B is a = GSllB, and tbe latitude is /' 
= 540-87. 

In the same way we proceed to calculate the longitude and 
latitude of C. The line sf}i'z' is tbe arc of a circle with radius 
BC, O* is a pcrjicndicular let fall from C to tbo meridian 
BM', the line Cx' is the sine of the angle at B, and the line 
B«' is tlie cosine. The natural sine of 33" 20' to radius I is 
0-54951, and to radius 7:U is 0-54951 x 731 = (.;') 401-69. 
The natural cosine to radius 1 is 8!)54H, and to radius 731 is 
0-83648 X 731 = (/V) ril074. Then the distance a' is the de- 
partnre or longitude of C, and tbo distance h' is the latitude 
of C, taking B as the point of origin. 

We now rule tbo meridian CM", and Itt fall the perpen- 
dicular D»", and draw the arc x"y"z". Dn" is the sine of the 
angle at C, and Ca" is the cosine. The natural sine of the 
angle 41' 35' 20" to radius I is found — if using Chambers's 
Tables, in which tbe natural sines are only calculated to 
minutes— in the following manner : — 

Natural sine 41' 9G' is 6639262 

41' 85' is 0-<>r>37Q87 0-GG37087 
G0 1 000217') 00000724 

000000362 U6G37H11 
_ 20 

00000724 
Natural sine 41" 35' 20" to radius 1 = 0-6637811 

It wUl be seen that the natural sine of 4r 85' is 0-G6370R7. 
To this there has to be an addition for the 20"; tbe amount of 
this addition is found by taking the proportional part of the 
difference between the sine of 4V 35' and tbe sine of 4r 36'. 
The sine of 41" 36'. as shown above, is 06639262, and the 
dilTerence is (t(KH)2175; this, divided by 60, gives tht; addition 
for 1" = 01HXXXI362. and this agaiu, multiplied by 20, gives the 
addition for 20", which is 0000724; this, added to tbe fraction 
ah-eady found for 41" 35', gives the exact natural sine of 41° 35' 20" 
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— n-fitiSTSll. The greater the number of degrees in the 
of a quadrant, the greater the sine and the lees the oosiiie. 

To find the cosine for the above angle, we proceed 
follows : — 



are 



as 



Natural cosine 41' 
4r 



Natural cosine 41' 



35' = 0-7479912 



0-74T£*912 
O000OG42 



Sr/ = Q-7477fl81 _^^ 
fiO I 000019H1 0-7479270 
OW000321 

20 

O0OO0642 
35' 20" to radius 1 = 0-7479270 



In the aliove sum the natural cosiue of 41" 35' is fi.r8t found 
as shown above, then the natural cosine of 41" 3fi'; this Is 
subtracted from the first figure, and is the difference for 1' 
Dividing this by GO, wc havt; 0-00000321, the subtraction for 
1"; multiplying this by 20, we have 0*0000042, the subtraction 
for 20"; Hubtrcicting this from the fraction for 41' 35". we have 
the natuial cosine of Jl" 35' 20" to radius 1 = (1-7479270. 

Multiplying the sine above fouud by the actual radius 762*2, 
wo have 0*G037811 X 7*52*2 = «", 505*1)3; and multiplying the 
natural cosine above Found for radius 1 by the actual radius, 
we have 0*7479270 x 762-2 = actual cosine 6", 570-07. The 
departure of D is thus «" = 505-93. and the latitude h** 
= 570'07, taking C »» the point of origin. 

Applying the same metliod again to the line OE, we rule 
the meridian DM"', and di-aw the arc .'^'"y 
Let fall the perpendicular Es'"; then Ek'" is 
angle 38" 30', and D«"' is the cosine. The natural 
38'' 80' to radius 1 i.s 0*02251, and the natural cosine is 07fl2fil, 
and the natural sine to radius DE is 0*fi2251 x 2H0 = «"*. 
174-3, and the natural cosine is 0-7h2(U X 280 = \!*\ ai9-13. 
Therefore the departure or longitude of point E is a'" = 171*3, 
and the latitude Ih J/" = 219 13, taking the point D as the point 
of origin. 

If these points B, C, D, E are all referred to the starting- 
point A, their positions can be shown in the tabular form given 
on p. 101. 

In that table the ])08ition north of each of the stations 
B, C, D, and E is shown in the total column under the letter N, 



'";"' with radius DE. 
the sine of the 
sine of 
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The posJtiou west of eacb of llie above Htatioua iu nhown in" 
the total column under the letter W., and the amount that ivny 
one station Ih further north or south from auj other station CEUi 
easily be obtained by couiparison witli tlie figures, and the 
amount that any one station i» east or west from any other 
station can aIho be obtained in the same way. 

In ascertaining the relative positions of any given station 
and the starting-point, the following method can bo pursuod : 
All the latitudes or distances measured on lines parallel to the 
meridian going north as far as the station whose position has 
to be found are added together ; all the distances going south 
are also added together ; that total which is less is subtracted 
from the larger total, and the position of the station is thus 
found either north or south of the starting-point. Similarly, all 
the distances between the starting-point and the station whose 
position has to be found which liave been measureil at right 
angles to the meridian, called depai*tures, or lengths going in a 
westerly direction, are totalled ; all those going in an easterly 
direction are totalled, and the less sum subtracted from the 
larger; the distance of tbu station oast or west of the starting* 
point is thus found. These positions are shown in the total 
columns, Table I., the figures in which have been obtained by 
means of this process of addition and subtraction. It is there 
seen, for instanoe, that station D is 172718 links north of A, 
and G46-H9 links west of A. 

SuppoHe that it is desired to know the distance in a straight 
line from A to E, and the bearing of the line. Fig. 102 shows 
that E ia // + i'' + //' - h"' north of A, and is a + a' - a" - a'" 
west of A. Tht^n, for the sake of clearness, make a sketch as 
shown in Fig. 102, draw the line AE, from E drop the perpen- 
dicular Es"" ; then As"" may be considered the radius of a circle 
x""y""z"". AE is the secant of the angle EAM, and Eg"" is the 
tangent of the same angle — 



the actual tangent ... . . ,. 

r; r— -, — fr- = the tangent of ratnus 



the actual radius 



.-,,„ = natural tangent of radius 
A* 



o + fl^-a"- 
ft + 6' + 



.„ — r,.,= natural tangent of the angle EAM 
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Luolcing down tbe table of natural tangents, tliis is found to 
correspond with tbo angle 13 52' 40", and the bearing AE is 
therefore N. IS-" 52' 40" \V. The natural secant of the anglo 
18^/i2'40" to radiuB I ia 1-0300G8I. Multiplying thin by the 
radius A*"", wo have the actual secant l-0o()0«81 x 6 + // -f '/' 
- V" ^ 1-0300(J81 X 1508-05. Therefore the distance AE is 
1553-39. 

When the student has gone over the above figures with his 
Mathematical Tables, and has also — tu satisfy himself that the 
calculations arc correct — drawn out the measurements to scale 
and the angles with the protractor, and has repeated the 
operation several times, he will have masterud the elemeutH of 
trigonometrical plotting. 

If pai>or ruled iu square sections in used, no scale is required 
for plotting the latitudes and departures. Where the survey ia 
made with a Gunter's chain, tbe paper should be divided into 
squares the side of wbi<.:h equals 1 ubain on tlie scale to be 
atlopted in plotting the survey ; if the scale is 2 chainB to 
1 inch, the squares must each measure half an inch (or 1 chain) 
on each side ; these squares are again bubdividod into 100 
smaller squares, measuring 10 links on each side. This 8ub< 
division, however, is rather small, and tlie surveyor may have 
to bo content with squares measuring 20 links on each side, 
and must measure tbo subdivisions, as required, with a scale. 
Tbe divisions of the chaiu-si{uares should be iu strouger lines 
than tbe subdivisions. 

The survey shown in Fig. 102 and given in tlie above table 
is shown again in Fig. 108, plotted on sectional paper, scale 
i chains to an inch. In actual practice, huwever, the hnea on 
the sectional paper are lithographed iu some light colour, say 
brown or yellow, which is not likely to be confused with any 
part of the plan. 

Another method of plotting is by means of a drawing-board 
and T-square, or by a straight-edge and set-square. The 
meridian is ruled on the paper by means of the straight-edge. 
The straightedge is fixed on the paper by weights, and the 
latitudes are pricked off on the line from the starting-point 
or origin, and tlie departures are ruled off by means of the set- 
square. The set-square is moved along the straight- edgtj to the 
required distance or latitude ; the departure is then ruled, and 
the distance pricked off with the scale. For departures on the 




1 164 MI^E SURVEYING. ^^^^^^^^H 

H other side of the meridian, the straight-edge is moved to thc^H 
H other side of the meridinn liao, and the process repeated. fl 
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on the sarvey is longer than the set-Bquai-e, a new raeridiai] can 
be ruled parnllel to the first by means of a Bet-S'iuare or parallel 
ruler, the parallelism of the two oicrMians being tested by 
measorementfi with the KcaU*. In this way a more accurate 
drawing is made than by using the ordinary Rectional paper. 

A sketch made upon ordinary sectional paper is sufficiently 
accurate for most purposes, and is perfectly accMirate for all 
letigths measured in the meridian and at right angles to the 
meridian, because the lengths can be measured oft the plan by 
counting the divisions on the paper, which, by tlie assumption 
made in plotting, are the correct length, so that all lengths 
measured in these directions are perfectly accurate, except such 
errors as may arise in scaling between the divisions ruled on 
the paper. If, however, the length of a diagonal is required, 
some error in this length may arise from uncvenness in the 
raling. 

The way to measure any length not in the meridian or at 
right angles to it is to take the distance with a pair of diWders. 
and then mark that distance on the paper in a line parallel 
to the meridian, and count the divisions. Jf, however, the 
divisions as ruled are not exactly square, or if the squares are 
not all the same size, this measurement of the diagonal will not 
givt* the exact result, and the exact lengtli would have to be 
^obtained by calculation, wltich can easily be done, as tbc lati- 
tude and longitude of each of the two points are known, bnt 
will take some time. 

If, however, the lengths are accurately set out hy scaling iu 
the second method of plotting just described, the diagouals can 
bo accurately scaled ; and, indeed, the scaling of the line con- 
necting any two points is often coincident with an actual sun'ey- 
line, and the agreement between the two measurements is a 
check upon the accuracy of tlie plan. 

IiO^arithmic Computation. — Instead of using natural sines 
and cosines and ordinary numbers for multiplication, surveyors 
ipommonly prefer to adopt the aid of logarithms. A short 
Kplanation of the nature of logarithms has already been given, 
and, in uldition t^i this, a sufficient explanation is generally 
given at the beginning of a book of AfatheniHtical Tables to 
euablc the student to make use of the logarithmic system, even 
without nndcrstnniling it. 

The method of using logarithms is shown in Tabic IL 
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In this tablo the foui-tb column contains the logarithms of 
the distance. Thus No.'l distance (AB, Fig. 103) is HSO links. 
On referring to a tablfi of logarithms of numbers, and under the 
column headed "number," the figure M50 will be founil, and 
opposite to that will bo found the logarithm, which is i»2V)41Hl>. 
As in this particular fiurvey extreme accuracy is not required, 
it will be sufficient to take tlie first five figures, 92941 ; but 
taking into account the remaining figures, it will be more exact 
to call the fifth figure 2. and the logarithm may therefore be 
written 92912. This logarithm is the same for 850 and 8500, 
as can be seen by looking for the log. of 8500 ; snd it would be 
the same for 85,000, 850,000, or any higher sum the result of 
multiplication by a power of 10 ; it is also the same for 85, a-5, 
0*85, 0*085, 0"0085,or any smaller sum obtained by the division 
by any power of 10. In order that the logarithm shown in the 
table may be distinguished as tlie logarithm of 850, it is neces- 
sary to add a figure wliich is called the characteristic. For 
850, the characteristic is 3, and the log. of 850 is 2'921) 12 ; the 
log, of 8500 would be 392042; of 85,000, 4-J>2942, and so on. 
The number in the characteristic is one less than tlie number of 
figurefl before the decimal point of the natural numher. If the 
length hod been 85, the log. would be I*g29-i2 ; if the number 
were 8 5, the log. would bo 0'92942 ; if it were 085, the log. would 
be 102943 ; if it were 0*085, the log. would be 2'92042 ; if it were 
0'0085, the log. would be 3'92942. In every case where the 
number consists of integral figures, the characteristic of the 
logarithm represents one less figure ; and where the number is 
a decimal fraction, the characteristic has the sign — written 
^over it, and is one more than the number of cyphers after the 
lecimal point in the number. 

If it is desired to muUii)ly two numbers together, this can 
be done by adding their logarithms, the number corresponding 
to the logarithm so found in the number that would have 
been obtained by multi])lication in the ordinary wa^*. Thus to 
multiply 850 by 709, add Ihe two logarithms 29294189 and 
2H8592G3; the addition gives 5-8153452. The table of loga- 
rithms is then referred to, to find the decimal part of the 
;iogftrithm. Taking for tlie present no account of the cliarae- 
irislic, 8153453 is found, wliicli is near enough for all ordinary 
purposes, and take tlie number corresponding, which is G5365, 
tfae last figure being the uumber at the head of the column. 
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The chftraet^erietic, Ti, of tbe logarilhm shows iliat there i 
Bi\ figures before the decimal point, and the answer is therefore 

If. inRt«a(l of multiiilying R50, we were lo divide il by 7Cfl, 
tbe process would be to subtract one logarithm from tbe other; 
thua 2*0294189 - '2-HA592G8 leaves 0-043492(). To find tbe 
nuniber corresponding to this logarithm, we look down the 
colnnina for tlie decimal portion ; we find tbe logarithm 043480*2, 
and the number corresponding to this is 1 1053. Subtracting 
the logarithm so found from that which is given, we have a 
difference of 124 ; in the table of diflTerences under H04 (tbo 
difference for one) we find the number IIR (the nearest number 
lower than 1*24) and opposite to Ibis tbo figure 3, and that gives 
ufi the sixth figure; the difference between 118 (the figure in 
the column of diflfercnces) and 124 is 6; multiplying this by 
10, and again looking in tbe column of differences, we find I as 
the figure opi>oAite 39 ; this is the seventh figure. The number 
now found is 110.5331. On reference to the logarilhm, it is seen 
that the fignre of tbe characteristic is 0, the number corre- 
sponding to that logarithm has therefore one integral figure; 
therefore the decimal point -comes after the first figure, and 
the actual number is 1*105331. 

Continuing the clestTiption of Table II. ; having written 
down the logarithms of tbe lengths, the logarithmic sines and 
cosiiios of the angles are written down in the next column. 
Thus the log. sin of 50 is 9*8842540, and the log. cos 9 R0H0675. 
It is not alwa^'s necessary to write out tbe decimals to seven 
places; for small surveys five places arc generally sufficient. 
The student will notice the enormous number represented by 
tbe characteristic 9; this is because the logarithmic sines are 
calculated to an assumed radius of 10OO(.H)O00nt». 

The length of the sine is found by adding the logarithm of 
the length to the logarithmic sine of the angle ; thus 9*88425 
+ 2*92942= 12-81367. It is evident that this represents a number 
vastly in excess of the real length. Whenever logarithmic sines 
and cosines are used, it is necessary, before the logarithms so 
found can be reduced tu natural numbers, to subtract 10 from 
tbe characteristic. Subtracting 10 from the above figure, wt^ 
have the logarithm of the sine 2'813G7; on referring to the 
table of logarithms, we find the number corresjKtnding to this 
is ()5113; and therefore the actual length of tbe sine or 
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departnro is 65113. wliicli iB i»laced under the column of 
departures uiuler the letter \V., as the direction is westward. 

The latitndo is found hy adding the loi^arithm of the cosine 
t<i the logaritbra of the length; thus HftOflOfi + ■2'0294'2 
= 12'7U74y. Subtracting 10 from this, wc have the logarithm 
2*737-28; the corresponding number is rt^iVM, and the decimal 
iwint conies aft^r the third figure; the cosine is therefore 
i)4G'37, which is placed under the colamn of latitudes inider 
the letter N., as the direction is northward. 

It must bo noted that in Chambers's Tables the logarithm 
is not given for any variation in the angle of less than l'; in 
Babbage and Callet's Tables tho logarithms are given for all 
angles to 10", the sine and tangent are also given for 1" up to 
o't and tho cosine and cotangent for 1" between Hti" and 00\ 

A great deal of time spent in calculating may be saved by the 
use of traverse tables. These are tables in which the latitude 
and dei»artare (longitude) have been alreiidy calculated out for 
certain lengths. Su])pose, for instance, that the lengths for 
which the calculations are made are from 1 to 100 inclusive, 
then, if the actual length is less than 100, the latitude and 
departure can be read off the table ; if the length is more than 
10(1 and less than 200, the latitude and departure fnr 100 are 
taken from the table, then the latitude and departure for the 
renifthider also taken and added to the other lignrcs ; if the 
distance is several hundreds, then the latitude and departure 
as found for 10<> must be multiplied hy the number of hundreds, 
and ibc latitude and dcimrtiiro for the remaining part of the 
length less than 100 taken rrnni the table. Traverse tables, 
however, are not much use to the surveyor unless they are 
calculated to angles of 1' ; this has been done by R. L. Garden.* 

Tlie following exam)dc shows the mode of using these tables. 
^Bearing N. 20^ 10' K., distance 164 :— 

[or iKoaHodc). 
S4'48 
22-08 

16t ... IdSaiiS ... NH 

Traverse tables are, however, eometinics used which are not 
calculated for every length up to 100. For instance, in \rr. 
11. T. Iloskold's Trmtise on Siiiretfinfj, the latitude and departure 

■ TVaivne TttlJ** fur tkn imc o/ Surwyrtr» a>td En^ituer*, hy Rirhftnl l^nj^ 
HaM«n, Snl edit, (Cluui. tiriffln (in.! Ox, l,UI, I>nHlon). 
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are calcnlftted for 1, 2, 3, 4, nnd .5, or for any of these figures 
multiplied by 10, 100, 1000. Hl.ikX), or 100,000. Using such 
tables as these, the above latitado and departure is set out as 
follows : — 



\. 20* 10* v.. 



SSS7 

9-887 
87M 



Drautun 

W^75 
17-287 
a +47 
1578 



IM 



ISSHiQ 



56-A87 



Tabid TIT. (p. 171) hIiows the survey given in Tables I. and 
IT. worked oat by mcjinfi of traverse tables. 

Inolination and Eeduction of Len^s. — In the preceding 
examples of uiiilerground surveying, booking, and plotting, no 
notice Ima be&n taken of the inclinfition of the mine. It is, of 
course, obvious that this is of the utmost importance ; where 
minute accurney ia required, the inclination of every bearing 
must be observed. Where good and carefully adjusted levels 
are attached to the instrument, these observations of inclination 
serve two purposes — first, that of ascertaining: the pro]>er reduc- 
tion of length for the plan, and second, that of ascertaining the 
levels iu all parts of the mine. The iiccnracy of this leveUing 
process, of course, depends upon tlm nature of the instniment 
used and the care exercised by the observer. With a good 
theodolite sufficient accuracy may be obtained for most practical 
pur|>08eB, but not for all purposes. With a 5-inch theodolite, which 
only reads to minutes, an error of li in 10,000 may be expected, 
and this error would be too much for many purposes, for instance, 
such as selling out a water-level ; but for the ordinary contour of 
a mine and setting out roads for the purposes of haulage, the 
accuracy attainable with the theodolite would be quite sufficient, 
and for rough approximations careful lovelUug with a good dial 
is very useful. 

For the purjiosea of reducing the length, minute accuracy in 
reading the vertical angle is not generally required. For the 
angle of 1" the natural cosine is n'M!tH477 ; if the measured 
length was 10,000, the cosine or reduced length would be 
n008-477. It is, however, seldom that a length of 10,000 is 
dealt with in one measurement in u niining survey, as the minor 
inequalities are of more importance in considering reductions of 
length, as already explained in p 128, so that it is very sehlom 
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that an incHnntion of lens than 1^ inrolres an approciiibfT 
reduction in the measured length. 

The steeper the iuclination, however, the more im|M>rtaiiC it 
IB to observe the inclination with acenrncy; for instance, refer- 
rinR to Table IV., if the length of the slope (or radius) is lOOlJ 
and the inclination V, the reduced length (or cosine) is 999'H4, 
and for an inclination of 11", the reduced length (or cosine) is 
99905, or a difference of 0'19, while for 70' the reduced length 
is :J4*J02, and for 70r, 333-80, showing a difference of 8"i2. 
Therefore, whilst at moderate inchnntions it may be suflifiently 
near to read the vertical angle to i\ at steep inclinations it in 
necessary to read lo minutes in order to obtain the reduced 
length correctly. 

TABI.R IV. 

Bntrcnos or Lesoth ■ka^uuo) ok tbb Su»>k to Hubixih(tal Uutaxck r<^ii 
Akolba noof t** TO TO**, and thii Diftrbbmoi vob }° 



LMftb ttuiimd 



1000 
IMNI 
1000 
1000 
1000 
1000 
lOOO 
1000 
1000 
lOOA 
lIMMt 
liHM* 

1000 
1000 
1000 
1000 



aMlumll»f«tk 

(MrfM). 



fcti*. 



990-84 
MO-OS 

984-ft> 
ngs-ss 

usee? 

866-02 
SOI 63 
7WJ-(M 
76«-4(t 
©4278 
«86-07 
.noO'OO 
4oa«:t 
M2-0S 
SS!l-8f> 



For the purpose, however, of obfcaininK the variation in level 
with precision, the less the inclination the greater the accuracy 
willi which the angle must bo read. Whilst the reduced length 
is represented by the natural cosine, the variation in level is 
represented by the natural t;inc. Taking the length of slope as 
before at ICKKI, and the angle ni 1". the altitude or depression 
(sine) for 1 is IT'lo, and for 1 30*. 2617, showing a difference 
in level of 8 72 feet for a variation of 4' (see Table V.) ; at 70' 
the altitude is 939fi9*26 ; at 70i\ 942-1550, showing a variation 
of -2 -lt;2-l. 
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TABLE V. 
Vkktical Risk pob a Cohbtast LrNHTB MiusirHCD ok thk Slope with Akdi.kr 

VABTWO FBOn I" TD 70^. AM) TUB DtPrEBBKCK VOB J^. 



l.)'BfUi nnuDToil 


Anglaat 


Vortical rUe 


l>i(T«mica 


M ttopr. 


liidlniObin. 


(•I'M*)- 


far 1". 


100O 


j„ 


1715 


1 872 


1000 


,y° 


•-J617 


10O0 


173 l!4 


1 8*3t) 


looo 


10*=^ 
20* 


182-28 


lOWl 


912 -rr2 


1 8-18 


ItNKI 


*i(H= 


»5(i-20 


KHK) 


;«)^ 


50U(W 


\ 758 


KNKI 


3i»J'= 


.'*7M 


IINIO 


^"^ . 


64a-7y 


' (l-6(> 


llMKI 


fiO* 


(H944 


lOUU 


76B(M 


' SfiS 


1000 


90|« 


771 W 


1000 


GO* 


866-03 


' 433 


1000 


70* 


870 &S 


1000 


089 -Gtl 


1 2-V5 


KMKI 


7«f« 


M264 



lu taking his obBervatioim, the surveyor, of conrse. will bear 
in miud wbul piirt of the miuo it is which he desires to delineiLto 
on the plan, and of whicli he desires to »how the reliitivu levels. 
Ak ]i general rule, the ]>nrt showu ou the plan is the Ooor or 
rail-level, and he must take cart-- that all hin observations to 
obtain the iucUnntion or level must be made to marks equi- 
distant from the floor; thus, if tba level of the eye-piece of the 
theodolite or dial is 4 feet from the floor, he must take care 
that the mark to which he directs the sight i» at precisely the 
same altitude above the floor, otherwise he will be led into error. 
For this purpose, when surveying witb three tripods, it is better 
that they should each be of the same height, aud that the lump 
or mark-holder should be of such a height above the tripod ae to 
bring the flame or other mark to the same height above the 
tripod as the centre of the teIesco]>e of the theodolite or the 
croBB-baire of the dial. When in the conrse of surveying an 
assistant is sent forward to fix a mark on a tripod, the exact 
height the mark will he above the ground cannot be known with 
certainty, as the legs may be extended to suit irregularities in 
the surface, so that the level of the lamp may vary a few inches 
above or below the average height. In most cases tbia is 
immaterial, but when thi! lamp is set over Home purmaneiit fixed 
station, the exact altitude of which has to be determined, then 
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tlie heigtit from the Intnp or other mtirk to the grouiid-levd 
shouM bo uicusured iliuI compiirod with the height of thu mttrk 
iihove tht! ground level of the other stations in the survey. 

Tttble VI. (see p. 175) shows the suivcy mode to iiscerUia 
tho inclination of u roiid in the mine, und the relative level of 
different glHtions. 

The plotted section is shown in Fig. 104; if it is desired to 
show the roof of the road on the section^ the height must 
measured at eitch station. 

In the above table, the measured lengths arc under column 
the angles of inclination under columns 2 and 3. When the angle 
observed sliows that the roadway is rising in the direction in 
which the observer is proceeding, tho iingle is entered in 
column 'I, under the heading " elevation ; " and when the angle 
observed shows that the roadway is falling iu the direction in 
which the surveyor proceeds, the angle is entered nnder column 3, 
under the heAdiug " depression." Assuming that the surveyor 
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t'lo. 104.— IJeoUon Bhuwiiif;: bUUu'U-h of •tAtiuiis nhnvrn in plan. Fig. 103 
(sec T»ble VI.>. 

prefers the use of logarithms for his calculations, column 4 (</) 
shows the logarithms of the lengths ; column 5, the logarithmic 
sine Q>)\ column 0, the log. cosine (c); column 7 ia the reduced 
length obtained, a 4- c — 10 =/; column 8 is the elevationi 
a + /* — 10; eoUimn D, the depression, « + fc — 10; column 10 
is the elevation in links; column U, the depression in links; 
column 1*2 is the total elevation above datum, or total depression 
below ; and column i:.i, the reduced length in links. 

It is convenient to measure all heights above some llxed or 
imaginary level. For surface-work surveyors commonly take 
Ordnance datum, which is the level of the old Docks Sill at 
Liverpool; for underground work it is frequently necessary to 
take another datum, which the surveyor will choose according 
to circumstances. Suppose, for instance, that the bottom of the 
shaft is IIHK) feet below Ordnance datum, and some of the work- 
ings are 300 feet below the bottom of the shaft, his datum might 
be '2000 feet below sea-level, in which case t!ie plates at the pit- 
botlum from which he began his survey would be 1000 feet above 
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datnm, and all the other stationii would bo more or Icbh than 
1000 feet- In i)lottmg the survey, all the Hltitndes will be 
measured upwards from a datum line drawn at the bottom of 
the paper. But it might bo (>(|t]iLlly convenient to use the 
Ordnance datum ; then, the bottom of the shaft lieing 1000 feel, 
all the other stations will bo more or less than KXX) feet below 
Ordnance datum. 

In preparing the section shown in Fig. 104, the reduced 
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roading uff boariog*. 

lengths are marked off on a horizontal lino, at each station a 
vertical line is ruled, and the altitudes above or below datum 
marked off. 

Horizontal and Vertical Angles measured at the same Time. — Of 
coarse, when the survoyor has fixed bis instrument, he will take 
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tHe horizontal n»d verticftl imglee nl the sanie time, und thns 
tnftke sure tliiit thu utaliona observed for the plan and section 
roincide, aiicl he will therefore make a note in hifl book of the 
vertical angle of tlevntion or dein-ession. He may keep his book 
cither in the graphic, whttcu, or tabular form. In case ho 
ndopts the latter [n<Kle, ii convenient Form of book is showu in 
Kig. 105. l''rom this note-book the oftice anrvey-book (shown in 
Fig. lOf)) is tilled up : the sheet to carr)' these thirty-one 
columns to he 2 feet to 2 feet B inches, otherwise the written 
figures will be loo amjilJ. 

Method of plotting Survey made with Henderson's Bapid 
Traveraer.— Fig. 107 sliows the disc of the traverser, which has 
been removed from the table of the instrument. A meridian 
Hue having been diawn ou the plau, the disc ia placed on the 
paper over this line, and held in position by weights. With 
the aid of i\ rolling parallel ruler, the ai|^ht numbered 1 is now 
ruled off, reference bcuig made to the note-book to find the 
length. No. 2 sight is then ruled from the end of No. 1, the 
arrow-heads giving the direction in wbich the line has to be 
drawn. "When the lines have all been plotted, and proof 
obtained tlmt the survey has been accurately made, the offsets 
and other measurements can be filled in. 

One objection raised to the Henderson rapid traverser is 
that it is necessary to keep the disc, because it is the only 
record of the survey. In Fig. 109, however, is shown an 
arrangement by which the bearings of the lines can be read off 
by means of a protractor, and tilled into the note-book. 
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IB only useful where there is no attraction, and therefore is 
very often mapplieable. 

The mcaHuremciits are usually taken with a 100-ft. chalu. 
Formerly a chain 10 fatlionis in length was used; every fathom 
being marked, ami the links (^ inches long. 

Table YII. shows the uote-book of a survey in a inctalU- 
ferouB mine, commencing at the surface and proceeding down 
an inclined shaft to the lOO-fathom level, along the lOO-fathom 
level, and up a rise to the 00-fatbom level, and on thia level 
back to the shaft ; then up a rise to the HO-fathom level, and 
on ibis level back to the shaft, and across the shaft to the 
bottom of No. 2 shaft, □]> No. 2 shaft to the surface, and back 
to the starting-point. 

Method of Surveying. — The Burvey is usually made by the 
" fast-needle metliod," and before commencing, tlie true bearing 
of a line from the i>eg or B.M. at the top of the shaft to some 
distant ubjcot is obtained with great accuracy, and forms a 
base for all future surveys. 

In starting tlie Kurvey, the vernier of the tlieodolite is set to 
the bearing of this line and clamped ; the telescope is then directed 
BO as to sight the distant object, and the whole instrument is 
then clamped on this line. The zero line is now N. and S., and 
the survey is procetded with in the manner already described. 

Referring to Table VII., columns 1 to 10 are filled up from the 
observations made in the mine during the course of the survey; 
the columns headed "Horizontal unglus" give the directitm of the 
Unee of survey, and the columns headed '* Vertical angles '* give 
their inclination from the horizontal. At necessary points the 
surveyor will take otl'sots to the hanging wall (which is the wall 
above the vein) and to the foot wall (which is the wall below the 
vein); these measurements are shown in columns H and '1. 

Jn addition to filling up the columns 1 to 10, the surveyor 
will make sketches showing the numbers and relative positions 
of the different stations ; these sketches are shown in Fig. 110, 
and are used to facilitate the plotting. 

The reader will by this time uudei'stand that the principle of 
plan-making is to represent all measurements in a horizontal 
plane ; thus if a shaft is inclined, its length rh shown on the plan 
will be less than the length actually measured, and will be equal 
to the cosine of the angle of inclination muUipliird by the mea- 
sured length. Similarly, in making a section, the measurement 
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on a vertical plane will be less than that measured on the 
elope, and will be equal to the sine of the angle of iaoUnation 
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multiplied by the measured length. Columns 12 and 13 of 
Table VII. give these reduced measurements as obtained from 
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Traverse Tables; the method of calculating them by logarithms 
is sho^rn in Tables VIIE. and IX. 
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Fig. Ill is the underground plan of the above survey, 
showing the top of the shafts and the direction of the levels. 
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Fig. 11*2 IB a loDgitudinal section of the same mine ploitec 
as if all tbe workings were in one vertical plane, all tbe inclined 
lengths being redncetl to vertical distances, in tbe same way 
as in a plan the length measured on the slope is reduced to a 
horizontal distance. 

Fig. 118 iH a transverse Bection of tbe mine across the No. 1 
shaft, showing the surface and entrance to the levels. 

These three figures include more than is contained in the sur- 
vey, as there are old workings which are taken from another plan. 

Fig. 11-1 is A longitudinal section in which the lengths 
measured on the slope of tbe vein, and also tbe lengths 
measured along the levels, are drawn without reduction ; bo 
that if the plan were, so to speak, made to natui-al scale, it 
could be laid down u{>on tlie vein following the siuuosities of the 
levels. This section is useful an a kind of working plan on which 
the lengtlis of level or shaft driven by tbe workmen can be shown 
exactly as paid for, although its use might lead to confusion 
with regard to the relative positions of the stations shown on 
this working section, and tbe stations in some other vein or 
adjoining mine. Practically all four drawings are necessary. 

Hethod of Flottiog.— The plan is first plotted at the lower 
edge of the paper, from the horizontal angles in column 4 or 
the bearings in column 11, using tbe horizontal measurements 
given in column 13 (calculated in tbe shafts and winzes, and 
measured in tbe levels), the meaHuri'd uffsets given in columns 
8 and S) also being plotted. The directions of dip and mean 
strike of the vein arc at right angles to one another, and the 
plan is usually plotted with the mean strike line approximately 
parallel to the bottom edge of the paper. To obtain the vertical 
projection (Fig. 112), station 1 is projected from the plan at 
right angles to iho mean strike; No. 1 shaft is then plotted 
according to the measurements given in coluuiu 12. At the 
puints determined for the respective levels, horizontal lines are 
drawn, and tbe ends of the levels and positions of the winzes 
arc projected from the plan. Shaft No. 2 is plotted upwards 
from station 9, according to figures calculated and observed. 

Tbe transverse section is [>!otted fr^^im tbe observed figures 
only. Station I is plotted at the same height as station 1 in tbe 
vertical section; the angles of inclination of the vein are then 
marked off with tiie protractor, and the length as measured on 
the slo|>e is marked oET, and if the work is correctly doue the 



CHAPTER XL 

MKTHODS OF C0N.VECT1N0 SURFACE AND UKDEItGROUyD SURVEY. 

Where tbe compass needle can be uaed, the general method of 
connecting the underground and siufaoc surveys is by its means 
AB ah-endy described, nud for most pur|)osB8 this is auAiciently 
accurate. Where, however, there is attraction, or In case 
there is no attraction, but tbe magnetic needle is not considered 
Hul^cioritly reliable, some other method has to he devised. 

Shafts some DistoncB apart. — VA^here there are two shafts at 
some distance apart, the underground survey may ho connected 
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with the surface survey in tbe method shown in Fig. lir>. In 
this case the centres of tbu shafts have been accurately fixed 
on the surface survey, and by moans of a plumb-line have 
been accurately transferred to the bottom of the shaft and 
carefully marked. A fast-needle survey is then made of the 
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mine, beginning at the centre of one shaft and ending at the 
centre of the Bcoond shaft. This is plotted, then carefully 
traced on stiff hnt transparent j)ai)er or cloth. This tracing ia 
then 6x6(1 on the surface jilan hy nieanB of the two shafts, and 
the workings, as shown on tlie tracing, transferred by a style 
and marking- ]>aper to the plan. Another method is to plot 
the underground fast-needle survey from a hypotliotical meri- 
dian line, such as tlje first sight in the survey. When the 
imderground survey has been plotted and the {xisition of the 
second shaft fixed, the bcaiing of a straight line connecting 
the two shafla may Ijc calculated by trigononietrit: computation, 
aa shown on p. 158, Fig. 102, line connecting the stations A 
and E ; but the actual bearing of n straight line connecting 
the two shafts has been aKCortaincd by observation of the 
magnetic needle on the surfacti ; this nctual l}canng differs, 
say 100", from the bearing as calculated from the hypothetical 
meridian. All the other bearings obtained by the fast-needle 
survey can now be corrected to the same extent, and the 
survey plotted as if it bad been made by the loose needle. In 
case, however, the magnetic meridian has not been ascertained 
on the surface, either by reuson of attraction or want of h 
compass, or because it is considered to be too variable, then 
Ihe geographical meridian may he set out, and the bearing of 
A straight line between the shaftse ascertained by menns of a 
theodolite or circumfcrentor. The bearing of this same line, 
as calculated on the uiidergruund survey from the hypothetical 
meridian, is then comjmred with the true line, and is found to 
vary, say 100 . The hypothetical bearings of the underground 
survey can now bu corrected to a like extent, and the under- 
ground survey plotted in its correct position on the surface plan. 

In case these shafts are, as above suggested, a long distance 
apart — that is to say, long in reference to the total size of the 
survey, as, for instance, the distance between the two shafts 
being half a mile nnd the furthest workings from either shaft 
two miles — this methud of connecting the surface and under- 
ground presentfi no Kpecial difRcuUy. 

UndergToimd. Survey Shafts near together. — W, however, the 
shafts are close together, say from 10 yards to CO yards apart, 
as is commonly the case in coal-mines, then it is evident 
that a biise-line drawn through these shafts is a very short one 
ui>on which to erect the whole of a large survey, and special 
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cnre litis to be tiiken to nvoid mUtnkes. For instance, the 
benring of a line dnuvii through the centre of the sltafts oaniiot 
be ascertained by menus of a pencil, protrnctor, and parallel 
ruler from the plan ; Imt it is necessary to carefully set up marks 
over the centre of W\\\ shafts, and to produce tliis line across the 
estate, or a considerable part of it, and to connect the lino so 
produced with a number of the principal stations of the surface 
survey, carefully ascertaining the bearings of various lines. 
It will, of course, be unnecessary to repeat this operation if it 
has been already done in the construction of the plan and the 
bearing of a line through the ccntro of the shafts recorded, 
the line being set out with the most absolute precision, and the 
angle made by this line and the other main surface-linos notet 
and recorded. In setting out this line an ordinary wooden si 
is much too thick to sight to, and it is better that a wire centre- 
line sliould be suspended from a frame above each shaft. The 
theodolite, set in a line with these wires, will connoct their 
direction with the surface eiirvey; at the same time, these 
wires hang down to the bottom of the shaft, and by moans of 
a theodolite the underground survey is made connecting the 
two wires. 

The survey connecting these two centre-lines should take 
the best and shortest road, no as to reduce the possibility of 
error. Where there is no toad straight from one shaft to the 
other, it generally happens that there is a cross-road corniectingi 
the main intake and return at uo great diHt-ance from tlie shafts, 
and in this cose the survey may only require the setting np of 
the instrument two or three times. Not only must tbe angles 
be read with the most minute aci-uiracy, so as to ensure that no 
error exceeding a quarter of a minute shall creep in, but the 
lengths must be measured with a carefully checked steel tape, 
and the measurements recorded to the decimal uf an inch. The 
relative positions of the two shafts may then be accurately 
calculnii^d from the hypothetical meridian, both as regards . 
hypothetical bearing and distance. If this eah-ulated length' 
agrees with the actual distance as measured on the surface, 
the accuracy, to some extent, of the underground survey is 
couErmed. The hypothetical bearing between the shafts is now 
compared with the actual magnetic bearing as observed on the 
surface, or with the actual geographical bearing; the hy|Nv 
thetical meridian can thus be corrected, aud the workings 
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plotted upon the plan of the surfncc in their true position. U 
muet, however, be impressed on the student that this caleuta- 
tiou merely eliminates errors of plotting, x\\v\ dues not eliminate 
liny error arising from want of accuracy either in marking 
out the line drawn through the centres of ttie shafts on the 
Sttrfaco, or in connecting the plumh-UneR by the underground 
survey. 

Where Two Shafts are connected by a Strai^^ht Level on the 
same Level as the Workings. — Where the two ehafts are con- 
nected by a straight und level passage, it is comparatively easy 
to ascertain the bearing of an underground road. Keferring 
to Fig. 110. we will assume, as in the previous cases, that 

.^^2 Shaft jr 91 Shaft 
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a wire with a heavy plumb-bob is suspended in each shaft, 
and that the direction uf the line counectiug these wires is 
accurately shown on the surface-plan and the bearing asoer- 
tained. The theodolite is now placed at «, Fig. 11(5, midway 
between the two shnfti, and iu a straight lino between the 
two wires. Since all four doors cannot be opened at once, 
the position a has either to be guessed at or ascertained by 
preliminary survey. When the theodolite has been set up, 
it is turned upon the wire in No. 1 shaft, the intermediate 
doors bi'ing open; thesB doors are thin shut, the telescope 
reversed and turned towards Net. 2 shaft, the doors being open; 
the distance of the Hue of sight from the suspended wire 
is then inensm-ed. If this is 1 foot, and the theodolite is 
^exactly half-way between the two wires, it follows that the 
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}xiBilion of the theodolite is exactly inches out of the centre- 
line. The theodolite is then movi>d iipproxiiuately <> inches, the 
telescope is then set upon the wire in No. 1 shaft, then reversed. 
If in looking towards No. '2 wire the line of sight is found to be 
not straight for No. 2 wire — say i inch out — tlie theodolite 
must be moved ,'« inch, and then carefully fixed upon No. I 
wire. The telescnpe is again reversed, imd thia time the line 
of sight should exactly hit No. 2 wire. If, liowever, it does not 
hit No. 2 wire, the operation must he repeated until the position 
a is fixed exactly in a straight line between No. 1 and Na 2 
sfaafts. In order that the theodolite may be fiicetl with the 
required accuracy, it is necessary that it should be on a stage 
where it can be moved by means of screws. A movable stage 
permitting of a movement of say 1 inch is sold by optical instru- 
ment makers, but one suitable for occasional use could be easily 
constructed b}* a carpenter. The theodolite being now in the 
right position, the tripod can be fixed at h in the porch beyond 
the plumb-bob in No. 1 shaft, and very carefully adjusted so as 
to be exactly in the line connecting the two wires ; the theodolite 
is now moved from n and But up at h, a mark having been left at 
a made with precise accuracy under the centre of the vertical 
axis of the theodolite. The telescope is now directed to this 
mark at a, and should be in the same line as before. In order 
to make sure, however, that no error has crept in in the fixing 
uf the mark a, or in the erection of the tripod at /i, a throngh 
sight should he taken past n to No. 2 wire. In order to get 
this sight, it is necessary that there should be an opening 
through all four doors at the same time. This, however, is 
impracticable as a general rule, on account of the ventilation, 
especially if the colliery is ventilated with a furnace, or if the 
upcast is heated with steam, because, even if the fomacc were 
put out, the boat of the shaft would remain some days. If the 
colliery, however, is ventilated with a fan, there would not be 
80 much wiud when the fan was standing. Nevertheless, the 
ourrent due to natural ventilation would probably be such as 
to shake the wires, so that it is in the highest degree inadvis- 
able to open all four doors at the same time. The best plan 
would be, having clamped the telescope in the right direction, 
to proceed to cut holes in each of the four doors in succession 
sufficiently largo for the line of sight, the diameter of these 
holes being say 2 inches to 8 inches, the correct position of the 
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liolfs being tixeJ by tUe Htirvityor looking tiiroiigb the telescope 
BO tbat all four holes »re iu precisely the same Uno. lu order 
that there may be no difficulty in cutting these boles, the 
theodolite stand at h bus hcon Hxed at such uu itUitude that the 
liuu of sight will not croaa any iron bands nr Htilfeniug bare on 
the doors, and a drill suitable for boring a hole of the rcciuired 
diametiT made beforehand. When all the four doorb are closed, 
the current of air through the holes will not be excessive, and 
they can be screwed up as soon as the operation of the surveyors 
is completed. 

In case it should be difficult to fix a tripod at h^ it may be 
necessary to erect a timber platform to receive the instrument, 
with a travcrsing-table capable of movement by screws to the 
extent of an inch or two, on which in the first instance tlie 
mark, and iu the second instance the theodolite, can be fixed. 
Having thus fixed the theodolite at h in the dii'cction \>h, the 
mark in the main tunnel at c can tbt^u he sighted, and the 
angle ((/><' observed. Since the bearing of the line <ih is known, 
the bearing of the line he can bo easily calculated. The theo- 
dolite is then transferred to 4-, and the survey continued from 
the ba6« he in the ordinary manner, and plotted from the 
meridian, either magnetic or geographical, marked on the plan. 
Permanent marks should Ije made in the lines ah and he. 

In the Case of only One Shaft. — It sometimes happeus tbat 
there is only one shaft. In cual-minoa, of coursi', this \% only 
the case when opening out a new mine. It also sometimes 
happens that where there are two shafts, one of thorn is not 
available for the surveyor's use, either by reason of a furnace ur 
buildings over the pit-top making it dillicult nnd expensive to 
fix a centrw-line visible by the surveyor on the surface and at 
the pit-bottom. Iu this case the line of survey has to be con- 
nected with the surface by obaervationa made iu one shaft only. 

Wires in One Shaft. — As in the case of two shafts, so in the 
case uf one shaft, the line may be transferred to the bottom by 
meaUB of wires. Where the distiuice between the wires is gmall, 
H8 in the case of one shaft, it is essential that these wires should 
be thin and perfectly steady. As steel is the strongest material, 
it is best to use a thin steel wira, and to bang a heavy plumb- 
bob at the bottom. The diameter of this wire sliould be, 
Bay sV iuch, and the weight of the plumb-bob at the bottom 
should be, say from lu lbs. to 40 lbs. according to the quality 
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of tlio Bteel. The phimb-bob should be attaclmd to the ^ 
whon at the bottom of tlie shaft, so tliat the breakage nf the 
wire will entail no danger, because the wires are not qualified 
to hold this lieavy load for long, and would break with a little 
jerk. By the use of a heavy weight, the wire is Btretched per- 
fectly straight, and ia able to resist the etTect of the air-current ; 
the weights themselves must be protected from the air-current 
by being placed in buckets of water, oil, or tar, or iu a box, the 
wires passing upwards through a hole sufiiciently small to 
prevent an air-current getting into the box. The wires above 
the pit-top must be securely fastened to a steady frame, and, if 
there is a wind, must ho protected from this as much as possible. 

Before the iwsition of th« wires at the bottom of the shaft 
can be observed, it is necessary to wait until the plumb-bobs 
have Wished swinging. The wire and plumb-bob may be 
likened to a long pendulum. AVhen a pendulum iu the latitude 
of Loudon swings from left to right, if it is 39'1383 inches in 
length, the swing will occupy exactly one second ; thus, if the 
pendulum is lifted by hand and then allowed to drop, it will 
he 1 second proceeding awa}' from the hand and 1 second 
coming back, or 2 seconds in making the return journey. 
The time recjuired for a swing is proportionfll to the square root 
of the length of the pendulum ; thus if, instead of being :i9*1383 
inches in length, it were H91'SH3, the period of the swing would 
he multiplied by the f^quare root of Ifi; if the length of the 
pendulum were b913H'3 inchus, the duration of each swing would 
be 1 second x y'lOOO, or 31*623 seconds, or the swing and return 
would occupy 63'2-lfi seconds, or a little more than a minute. 

Taking the case of a mine 1000 feet in depth, or 12,000 
in ches, w e shojUd find the duration of the swing as follows : 
■v/89'1383 : v/12000 : : 1 second : x, and the period of the swing 
would be 17"5 secondu, nnd the return swing 35 seconds. When 
a pendulum is first started, it is easy to notice that it is not 
stationary because of the length of the swing; as, however, the 
length of the swing decreases, it is not so easy to notice whether 
it is swinging at all, and the longer the pendulum is the greater 
the care required to make sure that the pendulum is stationary. 
This can only be ascertained by placing a scale bemde the 
pendulum when it appears to be quite still, and then to observe 
whether the pendulum increases or decreases its distanco from 
the lixed scale and moves along the scale or keeps at one fixed 
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point. The surveyor, of course, will satifify himHeU tliat the 
phimb-bob and wire ar« swinging quit*? clear of impediment. 
In order that the pinnib-hob may he stationary, it is egseutial 
that there should bo no vibration in the frame at the surface to 
which it is attached, therefore the machinery at the pit-bank 
muat not be working ; also it must not be too windy, or else 
the exposed framework, tliough solid in appearance, will slightly 
rock with the wind ; if there is any contiiiaously moving ma- 
chinery in the shafts, such as pumps, care must be taken that 
the frame suspending the wires is not in any way subject to 
vibratiun from this machinery, but takes its support indepen- 
dently from the solid ground. A very rapid current of air may 
also cause the wires to swing, and it may, therefore, be neces- 
sary to slacken the ventilation at the time when the observation 
is being made. 

If the circumstances are such as to permit the above-named 
conditions to b<' fiiirilled, the surveyor has now got a means of 
connecting the underground and surface sun'eys with sufhcient 
accuracy for most purposes. The greater the distance between 
the wires, the greater the accuracy ; but there are oiiv.n serious 
practical diflicutties in the way of utilizing the entire width of 
the shaft for this purpose. Suppose, however, that the distance 
between the wires is 100 inches, and the thickness of the wires 
is ^ inch, if suiiiclent care is used, a surveyor may fix his 
theodolite on tlie surface in a line with these two wires in the 
following manner : Firstly without any instrument he looks past 
the wires and fixes a mark in some conveuieut place in a line 
with these wires, and as near to them as poHsible without Iwing 
too near to focus, say 30 feet from the nearest wire, the instru- 
ment is then fixed over this mark od a traversing- table, so that 
it can be brought exactly into tlu; line of the two wires. The 
surveyor can now range a line of poles in the same direction 
as these wires, and connect this line with the rest of the survey, 
and carefully establish its bt^arlng in regard to the geographical 
ur magnetic meridian. The degree of accuracy with which this 
can be done may be estimated in the foUowing manner. If the 
theodolite on the traversing- table, beiug at a distance of 80 feet 
from the front wire, t» so fixed that the second wire is com* 
pictely hidden behind the first wire, then it might be possible 
to move the second wire to the t-xtent of UtKUiil inch before it 
htii:ame nsible on cither side ; this divergence in a length of lUO 
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incbes IH e<iUHl to 1 incli in '23,20*2 inrbes— a degree of accuracy 
which is sufticient for tbe most part. But this error may b«3 
clitDJuatod by placing the theodolite ou tbe other side of tbe 
wires and repeating the obHervatiun. The line as now poled 
out on the surface Hhotild agree with that poled out by tbe Qrst 
fixing of the instrument. lu the same way, the underground 
survey maybe couuected to thune wires; by 8i<;hting past the 
wires the theodolite may be placi^d with approximate accuracy 
in tbe same line. By means of tbe screw, tbe traversing -tabic 
can tlien be moved until tbe theodolite is precisely in tbe lino 
of tbesu wires. Havinj; clamptid the iuHtrument on this line, 
tbe vernier clamp can be loosened »nd tbe telescope turned in 
tbe direction of the next sight, tbe angle read, and the sur- 
vey proceeded with as usual, and plotted from the meridian. 
If, wben tbe telescope is first set up at the pit-bottom in 
line with tlie wires, the vernier is set at the angle of tbe 
bearing as observed on the surface, then all tb« nulisequcnt 
readings will be correct readings, aud will not require further 
correction. In case, however, the correct bearing has not been 

aticcrtaiued, tbe bearings 
recorded can afterwards 
be corrected. The sur- 
veyor will, of coarse, make 
permanent marks at the 
l)it-bottom showing tbe 
direution of tbe line 
througli tbe wires. 

By Means of Transit 
Instrument. - In view of 
the diffioulty in steadying 
the wires, many surveyors 
prefer to use a theodolite 
or other transit instrument 
for transferring a line of 
survey from the shaft-bot- 
tom to the surface, or net 
versd. Taking the former 
case, the surveyor finishes his survey at the bottom of the shaft 
as shown in Fig. 117. Placing his theodolite over tbe lost mark 
at the bottom of tbe sbaft, he clamps the vertical axis with the 
telescope in tbe line of the last sight cd\ he now points the 
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Kiii. 117.— l*niiril Iheodolilt traiiirttrrtns lino 




ieloBcope to tbe top of the Bliaft, usio^ the riglit-angle eye-piece 
for convenience. He may now place a mark aB at a npon some 
framL-work, either in or over tlie shaft, aiul another mark at l> ; 
these two marks will then be in the same rerticjil plane as the 
last line of sight in the pit, and a lino luay iLfterwards he 
produced from these marks by menus of a theodolite, or a fine 
wire stretched over them, or otherwise. 

Another method, shown in Fi^. IIH, is to place the theodolite 




Al± 



The original diagntm of the one on page 19tiof this 
book, exhibiting a mode of twiinecttag undergroiind 
workingB to the surface by sighting with a Transit 
Theodolite ap a shall, is to be found at page 64 of the 
work upon Mine BurvoyinKi published by Mr. H. D. 
Hoskold. in 18G3. 
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constructed with a telescope at the outer end of the horizoulJil 
ftxia. BO that its plane of rotatiou is outside the graduated circle, 
or else the telescope may be taken off the heariiigB of the 
theodolite and placed on other bearings carried on u plate with 
a circular hole in the centre, through which the surveyor can 
look downwards. The instrument the surveyor is then using 
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inches is eqnal to 1 inch in 23,202 inches— a degree of accuracy 
which is sufticient for the most part- But this error may be 
eliminated by placing the tbcodolito on the other side of the 
wirt'B ftnd repealing the ohservatiou. The Hue aa now poiod 
out on the surface should agree with that i>oled out by the firiit 
fixing of the instrument. In the same way, the underground 
survey may he connected to these wires ; by sighting past the 
wires the theodolite may be placcHi with uiiproximate accuracy 
in the some line. By means of the screw, the traversing- table 
can tiien be moved until the tlieodolite is precisely in the lino 
of these wires. Having clamped thu instrument on this HnSf 
the vernier clamp can be loosened and the tele8coi>e turned in 
the direction of the next sight, the angle read, and the sur- 
vey proceeded with as usual, and plotted from Ihc meridian. 
If, when the telescopo is first set up at the pit-bottom iu 
line with the wires, the vernier is sft at the angle of the 
bearing aw observed on the surface, tlum all the subsequent 
readings wilt be correct readings, and will not require further 
correction. In case, however, the correct bearing has not been 

ascertained, tlie bearings 
recorded caa afterwards 
be corrected. The sur- 
Vftvor will.nf r.m 
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torn to the surface, or rfce 
Taking th*- former 
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case, the surveyor finishes his survey at the bottom of the shaft 
as shown in Fig. 117. Placing his theodolite over the last mark 
at the bottom of the shaft, he clamps the vertical axis with the 
telescope in the line of the last sight cd\ he now points the 
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B telescope to the lop of the flhaft, Mmwfi, the right-angle eye-piece 
for convenience. He may now place a inark as at a upon Bome 

framework, cither in or over the abaft, and another mark at h; 

thcae two marks will then be in the same TcrticiiL plane as the 
last line of sight in the pit. and a line miiy iifterwardH he 
prodnced from these marks by means of a theodolite, or a fine 
wire stretched over them, or otherwise. 

Another method, shown in Fig. 118, is to place the theodolite 




PiQ. tif* — Tmoitil Ibeoilolite tfftoirorrJDg line ^f sight on snrfnce nnd«rfrTOBBd. 

on a frame over ihe pit-top and fix the telescopf in some con- 
venitiit direction, hh nearly aa can he judged in the direction of 
Lhe underground level or tunnel along whicli the survey will 
have to be continued. A line in poled out on the surface in this 
direction and comiected with other stations on the survey with 
every accuracy: the theodolite is now turned so as to look 
straight down the shaft. With an ordinary theodolite and 
ordinary trii»od stand this cannot be done, becjtuRe the vertical 
axis of ihe instrument is precisely under the telescope. One of 
two things is, therefore, necesBary : the theodolite must bo 
constructed with ft telescope at tlte outer end of tlio horizontal 
axis, so that its plane of rotation is outside the graduated circle, 
or else the telescoi>e may be taken off the bearings of the 
theodolite and placed on other bearings carried on a plate with 
a circular hole in the centre, through which the surveyor can 
look downwards. The instrument the surveyor is then using 
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is not w theodolite at itll, but siniply a tnuiHit telescope, lUid this 
is liU tbat is required. If this telescope revolveH in ii traly 
vertical plane, or revolves trulj' on the centro-hne of its axis in 
any plane, whether striotly vfTtical or not, a line drawn through 
any two sUitions in that i>laiie will have the same bearing as 
a Une drawn through any other tvyo stations in the same plane, 
providing both the stationH (if the plane is not vertical) are on 
the same level in each case. It will, however, be well to take 
care to level the axis of the telescope very carefnlly, so that it 
will revolve in a strictly vertical plane, and then any difference 
in level of the stations will not affect the bearing. 

Having fixed the telcscojic in the most suitable direction, and 
marked out the line on Ibe surface, the surveyor liow directs his 
line of sight to tlie bottom of the shnft, and fixes two marks in 
the same direction as the line marked out on the surface. Wiih 
a telescope of ordinary ix>wer und a shaft several hundred feet in 
dejith or more, the only mark that t-outd be clearly distinguished 
would be Bome point very brightly illumitiitted, as, for instance, 
the flame of a lamp. A special btmp may be fonatructed, with 
n narrow wick-tube only ,'^ inch in diameter, and, of course, 
a correspondingly smiiU flame. The iwsitioii of this lamp may 
be Adjusted by placing it on a frame, movable by means of a 
screw. There must, of courKC, be two such lamps- When the 
lami)fl are fixed in iMjsition, the surveyor can t^nke his theodolite 
down the jiit, and fix it in a line with these two flames, and 
continue the survey in the way previously <IeKcrihed when using 
wircH. 

Tlie accin-ucy with which this work can be done depends to a 
great extent on the power of the telescope used, and the accuracy 
with which the telescope revolves in its hearings. To L>nsurc 
suflicient accuracy, a special Lninsit instrnment should be used 
in the case of dee]) mines and very important surveys. When a 
powerful telescope is used, it is not necessary to direct it on to 
a lamp-flame ; a brightly illuminated mark may permit of more 
accurate adjustment, and will not be moved by the wind ; tliis 
mark should be a dark line on a white board, or a white line on 
a black board. The limelight, or otln-r bright light, might be 
used to throw a brilliant illumination on to these marks, whilst 
every other part is sheltered from the illumination. In this 
way a survey of the deepest mine may bo accurately connected 
with the surface. 
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In an interesting paper contributed to the FederR):ed Institute 
of Milling EiigiiieerB, ProfesBor LiveiTig gives the result of hia 
experience with ibe transit method.' 

He usnaUy found it advisable to make the connection obser- 
vation in the downcast nhaft, because the air is there clear, and 
has a fairly uniform temperature, which is a matter of great 
importance, as avoiding irregular refraction. 

At the shaft-bottom he fixea two short battens, A and B 
(Fig. UHa), and upon these is placed a horizontal bar of pine. 
The middle point of this bar 
RbouM bo placwl perpendicularly 
below the centre of the transit 
iustrnment, and the bar is placed 
in the direction of the main road 
from the shaft-bottom. 

Upon this bar, at equal dis- 
tances from the <-**tilre-poiiits, 
are screwed two small wooden 
l>oxe8, the top of each is inclined 
at 4r>^ and has a square' opening 
across which twn Gne copper 
wires are stretched diagonally 
forming a cross. The thickness 
of these wires must vary with the 
depth of the shaft and the power 
of telescope employed. With a ttdescope with a '2|-incb aper- 
ture, wires of No. '20 B.W.G., about OOK'i inch thick, answer well 
(or pits not exceeding '200 yards in depth. 

In the lower part of ihii^ box is fixed a mirror, which reflects 
in an upward direction the light of a lamp placed opposite an 
opening in the side of the box. These two boxes are placed 
upon the bar as far apart as the width of the shaft will permit. 
The observation from the smface to those marks should bo 
repeated at least six times, and the mean of the results 
taken. 

The wire crosses can be observed both from the surface and 
from the underground level. 

Professor Liveing records an instance in which he bad to 
make the connection observation in the case of a shaft TiOO 
yards deep, and where the cross-wires could not be placed more 

■ TVtuMHimu fei/milMl /tuli'tufo a/ Ximng Sngimemn, rol. xvili. p. G5. 
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than B feet apart. In this case be replaced the cross-wires 
by two small electric lamps, each having small arched filaments, 
and these were so fixed that the planes of the filaments were 
in the vertical plane joining them, and their axes were inclined 
at an angle of 45°, so that observations could be taken to them 
both from the surface and from the main road underground. 



CHAPTER XTI. 
LRVELLnra. 



>iunpy Level.— To aficerLain the relative levels of different 
points, tiie instrument usimlly employed, called n. level, is a 
teleficope, on the top of which are iiied two ordinary spirit- 
levels (see Fig. 119), one long level, b, fixed parallel to the axin 
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Fio, liy. - Diiinpy lorcl. 

(KimMf (nil by JhifP*. IP. F. SUuitrf and Ob., Ud.) 

of the telescope, and nlso n croBs-level, a, at nght angles to it. 
When the instrument is in correct adjustment, and the spirit- 
levels have been adjunted by the lerelling-acrevrH so as to bring 
the bubbles into tho centre, the lin^^ of night pant the crossing 
of the hairs is a level line. 

At one end of the telescope is a diaphragm,/, coutaiuiug the 
webs, and an eye-piece, f, which can be drawn out of tho tube 
BO an to focus OD to the hairs in the diaphragm. 

Uoderneath the telescope a compaKH box and ncedJc are 
sometimes placed, provided with a prismatit* rea<ler, //, so that 
llie bearing of lines being levelled may bo taken. 

The level is screwed on to a tripod sinjilar to ihat of the 
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theodolite; when circamstanccs do not permit the use of ft 
tripod, the level may be placed on a piece of wood or any other 
flat Hurface, feet (d, d) being oftyn pronded on the base plate 
for this purpose. The level Bhowii in Fig, 119 is the type 
known as the " Dumpy." 

The levelling-screwa may be either three in nmnbor, as 
shown in Fig, 110, or four, as shown in Fig, 120. In levelling 
an iDstrnmcut with three screws, the telescope is first placed 
parallel to two of them and levelled. It is then turned a quarter 
of a revolution ; that is to say, one end of the telescope is placed 
over the other screw, and it is levelled in this direction. The 
operation is repeated until the telescope is perfectly level. In 
levelling an instrument with four screws and parallel plates, 
the telescope is placed in a line with two opposite screws and 



Fio. 120.— Y-levt'I. A. rlamp for verti™! uxia; B, hubble-ttibc; C, iprew to ml^wt 
tlie diiL|)1irasm ; L, clAnip for ccimfiaRa Dec<IEe ; M, milled l)«ad scteir t/> oiljtut 
tlie limb cnrryiiig the tclra^pe; PP. pian to mqutu tdlescopi' in the Y'v; 
T, tftDgent irrew for uccumtc SxIdk of tbo U-Ieiwope. 

levelled. It is then turned in line with the other two screws 
and levelled. The operation of levelling is performed by 
turning opposite screws in opposite directions to each other. 
It is generally considered that the three-screw arrangement is 
quicker. 

If the cross-level already referred to is in accurate adjust- 
ment, and is a good length, it. is, of course, unneceKsary to turn 
the level ; but the usual practice is as described, 

Y-Level. — Another form of level, known as the Y-ievel, Is 
shown in Fig. TiO, In this type of instrument the telescope 
is supported in Y bearings, and can be taken out and reversed. 
There is only one level tube, which is parallel to the length 
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of the instrument, and for tbis reason it ie not so quickl)* 

levelled as the dumpy level, as it has 

tu be first levelled in one direction, and 

then iaiTieil a quarter of a revolution 

and levelled in this direction, to get the 

iuatrumeut truly horizontal. 

The advantage of the Y-level, how- 
ever, lies in the fact that, as will bo 
seen later on, it is capable of being 
easily and accurately adjusted. 

Levelling-BtaC — The level Is used iu 
conjunction with the levellitig-stnff, 
which is generally about It! feel in 
length for surface work, and of mut'h 
shorter length fur underground work. 
The staff, us used on the surface, is 
generally a wooden tube (see Fig. 121) 
about I* inches wide and 2 inches thick, 
inside which slides a similar but smaller 
tube, inside which again slides a 
wooden lath. On the face of the staff 
is paiiUed a scale of feet, tenths and 
handrcdths, the measiu'ements starting 
from the lower end. Sometimes the 
figures on the scale are reversed, as 
shown in Fig. 122. By this means the 
reading ou the staff is seen in its 
natural ]K)sition (this can also bo 
(lecomplishcil with the ordinary btaffby 
the use of a special oye-ple^L-f, but IIuk 
reduces the light). 

MoBt surveyors prefer the staff with 
the figures the correct way up; a littli' 
practici* soon t-nalilt>» tlu! nurveyor to 
see them correctly although really in- 
verted by the telescope. 

Pit Levelling-staff.— TliH stiiff used 
in tbe mine may be made of s])ecial 
length to suit some jtarticulnr setim. 
A staff has been made by Linsley, of " ' ■ "^^ "*^"' 
Newcastle, consisting of a jiiece of Mood 3 feet long and abont 
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2^ inchoH wide by ^ inch thick, iit the bock of which slides a 
lath which, when drawn out, gives a staff l> feel high. Tlie 
lower ]mrt of the stntT has the scale {uiinted on, but the slidiiij? 
lalh carries at the top n roller, on which wraps a taiKi IJ inch 
ill width, on which tbc scalo is |iiiiiited. The roller contains 
a 8i>riii^, which roUu up the ta]>e. As the lath is extended, 



r^ 



W^\ 



Fio. I'J:;.— LovelHugHttftffttitli 
flcnrM reverted. 



J* 



Fin. 12:1 .T«e'i pit levoHlDgaUff. 



tbo tape is unwound and the scale is always in its correct 
position. A similar stafT, called Jce's pit levelling-RtafT, is 
raanufacturtd by Messrs. John Davis and Son, of Derby, and 
is illustrated in Fig. Iil3. 

Kode of Dsin; the Level. — The instrument Ia fixed on a 
tripod Hland and cartfully levelled, so that it may revolve in a 



LEVELUNG. 



205 



luiiizontal ]i]ane ; tbe stuff is held on Bome mark which is 
tbe baiif or starliug-poiiit uf Llie survey. Tbe kvel cross-biiir 
of tbe ttilescope apiietira to cut this ettiff at some mark which 
reads say 1'27 feet; tbe staff is then ijiken forward to another 
Httitioii, and the toloscopu agaiii directed npon it, when tbe cross- 
hair appears to cut theKtafTat nay I4'5n feet, showing a difference 
in Itvel of 13*'29. It is thus obvious ilmt the ground at the 
first Btaiion was 1"27 feet below the level of the cross-hair of the 
t«le8co]>e, and the ground at the second station was 14'u(i below 
Ltlie level of the croHs-hnir, and therefore the ground at tbe 
raecond station is 13*29 feet below the ground at the txrst station. 
The staff is left standing at the second station, and the level is 
moved forward beyond tlie staff; it is then levelled and directed 
upon the staff, when the reading is say 074 ; the stjilT is then 
moved to tlie third station, and read, say 15*62. It is again 
obvious that the ground at the second station was 0*74 below the 
level of the cross-hairs, and that the groujid at Iho third station 
was 15't>2 below the level of the cross-hairs, the difference being 
14*BH. The staff is again left standing whilst the level is moved 
forward to the neitt stallion, and so on. 

When once the telescope has been fixed, it may be convenient 
fco take the relative levels of a number of stations within view. 
'The first sight that is taken is called tlju backKight, and the last 
sight that is taken before moving the level is called the fore 
sight, and all the other sights are called intormediatu sights. 
The staff is always left lixed at the station to which tbe last 
fore sight was taken, whilst the level is being moved and fixed 
ready to take another back sight. 

Tables X. and XI. are pages from the surveyor's note-book, 
showing levellings. 

Tbe first column in Tables X. and XI. shows the distance from 
tbe 6tarting-iK>int (that is to say, the place where the stuff was 
first set) to each station ; the measurement in each case is tu 
where the staff is placed, as that is the point of which the levid 
is observed. 

lu the second column the back sights are placed. The first 
IKwition of the staff is always a back sight, and therefore tbe 
first back sight is at the starting-point, or at in the distance 
column. The fore sight is the last jH>sition of the staff before 
the level is moved to another place, and the second back sight 
is taken to the staff, where it stood when tbe first fore sight 
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Lbvkls taken at 



TABLE X. 

TOR New Road, Oct. 4. 1898. 



ToUl Buk I liiterme- Fore 
dl(tuice. oiKhl. iilUte slgbt. slgbt. 





55 

72 
127 
163 



308 — 



S54 

896 
430 



1-87 



467 — 

553 - 
624 — 

24-34 



Rlw. 



lH-27 — — 



— 8K> 

— : 8-97 
9-20 — 

6-37 
4-85 



1-09 



10-26 — 

— 14-75 
4 -IS — 
4-06 — 

9-39 

13-24 — 

— 13-87 



512 

4-30 

12'18 

2-83 

4-35 



Fftll. 



29-71 
24-34 j 

5-37 



Kcdnced 

tevel. 



— I 100-00 

— I 105-12 

— , 104-30 

— 112-18 

— I 115-01 

— l]6-53 

1-06 U112 



5-55 
2-28 
2-79 


106-63 
104-35 
103-84 


7-52 


99-11 


11 -37 


95-26 


12-00 


94-63 



Kenarkf. 



I Back bight oDpej; A. 
See «arvey-book Na 
(9,p.15,24/Sept./1898. 



!" Same level aadoor-aill 
ofwoodman'soottage, 
10 yards west of pro* 
pcMedroad. 



I Same level as tup of 
lower hinge hook of 
gate in qnarry-field. 
I 

(Fore sight on peg U 
\(5ee above). 



Levels takeh at 



Total : Back | Interme- < Fore 
dlBUDce. I Bight. diAte ilBbt Hlgbt. 



Linki. 



55 

72 

127 

163 

249 

308 

354 

:t96 

430 

467 

553 

024 



13-27 

9 20' 

1-87 



TABLE XI. 
FOB New Boad, Oct. 4, 1898. 



BiH. 



FaU. 



24-:i4 



~ I 5-12 ' — 
— I — 082 



7-88 
2-8.1 
l.'<2 



8-15 
8-97 

6-37 

4-85 

10-26 

— 415 

— 4-66 ; — I — 

— I 939 I — I — 

— I 13-24 ' — i — 
_ _ j;fS7 — 



1-09 



1475 



5-41 
4-49 
2-28 
0-51 
4-73 
3-85 
63 




17-35 



22-72 
1735 



Bedtwed 
level. 



100-00 

105-12 

104-30 

112-18 

115-01 

1]6'53 

11112 

106-63 

104-35 

103-84 

99-11 

95 26 

94-63 



Rnsuka. 



Br<^ tight on peg A. 



Fore B^ht on peg B. 



5-37 I 5 37 , 

'l'ot»l fall from A to B, 537 feet. 
Fig. 124 ia a section plotted from this page. 
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Uiken ; nnd Tor tlmt rfanoii the back niglii i)f the kocoikI 
lititm of Dm k-vcl \& shown in the tables un tho Ktime line, 
and oppoHitc the suinc distunct;, as Ihu fore sight of the first 
iwaition. Similarly the substqiietit Lack Bights tin: plaofed in 
the same line as tlic distaucQ and fore sight of the preceding 
position. 

The student vnW see, on reference io Table X., that after the 
three columns of staff-readings come two columns, one headed 
" rise/' the other " fall ; " if the back sight reading is a larger 
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VcrtinU bcale 40 fret to 1 inch. HnrizuuUil £cu1« I| cliaiiia to ] IdcU. 

FfO. 12'!.— Scvlion plulloil From levoU givmi in Taljlm X. »(iil XI. 



V figure than the fore sight, the difiT&teuce comes in the rit^e column ; 
if the fore sight reading is a larger figure than the back sight 
readin;;. tbc difference comes in the fall column ; the readingi> 

y in the iuttirmediatc column ore compared with the back sight. 

■ In Table XI. the calculations are done in a different manner^ 
, the intermediate sights being treated as hack sights and fore 
eights. Tbe next column is beaded "reduced level," which 
shows the relative altitudes of the various stations, and also 
their altitude as compared with the datum ; at the head of this 
oolumn is placed a figure at the discretion of the surveyor, the 
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figure to be sufficiently large so that the fall below that level 
shall not reduce the orlgiual figure to less than 1 ; thus if the 
surveyor thinks that the total fall of the section he is about to 
level will not be more than 70 or 80 feet, bo would put at the 
bead uf the uolumu 100; then if the levelling shows that the 
ground is falling, the amount of fall is deducted from 100 ; bat 
if the obscn'ationa show that the gi-ound is rising, the amount 
of rise is added to 100. By putting this ligure 100 at the head 
of tbc column, the surveyor is relieved from the necessity he 
would otherwise be under of putting the minus sign before the 
iigureH in this eolumu when the level of the gronnd fell below 
the level from which the survey woe started. If the total fall 
is over 100, the surveyor might subatituto 200. 30i>, or 1000. 

To tetjt the accuracy with which he has doue the additions 
and subtractions, ho will add up at the bottom of each page 
the total of back sights and the total of fore sights, also the total 
rise and the total fall ; if the back sights show a hirger total than 
the fure sights, he will subtract the latter from the former, and 
the difference will show tlie toUil rise. He will then subtract 
the total under the " fall " uoluran from the total under the 
"rise" column, and tbc result should agree with that obtained 
by the subtraction of the fore sights from the back sights ; this 
difference should also bo the same as that between tlie bottom 
and tbe top figures in the column of reduced levels. This lit 
shown in the case of Table XI. But in the form of booking 
give!! in Table X., the student must remember, in adding up 
the columns of rise and fall, to omit the ligures in these columns 
that are obtained by means of the intermediate sights, as they 
do not affect the total rise and fall. 

Elimination of Errors of Adjustment. — Whilst the surveyor 
should always use instruments that are iu correct adjustment 
so far as he knows, it is usual, in levelling, su far as possible 
to use the instrument in such a manner as to eliminate errors 
that might arise owing to the spirit-level not being precisely 
parallel to the line of sight or axis of the telescope; thus if the 
position of the levul is midway between tbe back sight and fore 
sight, then the error in one reading is corrected by a precisely 
similar enor in the other reading (see Fig. 125). In this case 
the level is out of adjustment, so that the back sight reads 3'G4, 
whereas tbe correct readhig should liavo been a-15 ; the fore 
sight reads 0'31, whereas the correct reading should have been 
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12; but the difference between the two incorrect readings, 
2'G7 feet, is the same bh that betweeu the two correct readings, 
80 that there is no error in the result. When, however, it is 
remembered that the height of the telescope, as commonly used 
on the sorface, is only about \ feet, and the length of the staff is 
16 Teet, it is obvious that, when surveying on an incline, the fore 
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sight may be four times as long as the back eight, and that if the 

length of the fore sight is restricted in order to keep the two sights 

of equal ]eugl.li, w great deal of time will !>« lost The length 

of the sights, however, may he nearly equalized by putting the 

instrument on one side of the line of anrrey, as shown in Fig. 

l*2G. Here the Hlope of the hill AB is 1 in 20, and therefore, 

if there is a difference of 

level of 11 feet between ^g^ 

the upper position of the ,-'^ 

staff A and the lower posi- / j \ 

tion of the staff B, thedis- / ; \ 

tanco on tlio line of sur- .'' j^ ', 

vey will be 280 feet. If 

the level were put on this 

hue, it would only be 

about <)0 feet from the 

upper station, and about 

220 feet from the lower 

station. If, however^ the 

position of the level is 

moved to a diHtance of '340 feet to one side of the line, the length 

of the back sight will then be about ^i>U fet^t, and that of the 

fore sight about 320 feet, so that the length of the hack sight to 

thf fore sight is about as 3 to 1, and the error that might have 

occurred Imd the telescope been in the line of survey is reducml 



•A' 



B O— 



M 



220 - eo 

Fio. 120.— ^qiuilixiDg length of iigUts. 
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to one-third, and therefore v:\\\ be insigiuficant, unless the 
inBtrumcnt is very seriously out of ndjuBtment, which ought 
not to be the case. 

Bench Harks. — The student will remember that the staff, 
when ouce placed for the fore Right and the reading taken, has 
not to be moved until after the level has been again fixed and 
tlie reading taken ; should the staff bo accidontally moved, the 
surveyor will have to go back to his last fixed station. It is 
a good plan to leave marks at convenient places, such as 
walls, flagstones, gate-posts, buildings, or bridges, which he will 
be able to recognize, and the exact level of which has been 
recorded in his note-book, as shown in Tables X. and XI. 
In case of any error, or having to continue an unfinished 
survey, these marks are convenient stations from which to 
start another series of levels, and also in case the line of 
sarvey should return to the starting-point or cross itself, the 
accuracy of the levels can be checke<l if a second reading is 
taken at one of the original murks. 

As in surveying, so in levelling, the surveyor cannot consider 
his-work complete until he has proved the accuracy of it. either 
by levelling the same lino twice, or by levelling in a circuit 
returning to his original station, or by levelling from one mark 
the altitude of which has l)een fixed by a previous survey (such 
as the Ordnance Survey) to another mark of which the altitude 
baa been tixed. 

Adjustments. — From time to lime the surveyor should test his 
level, to Hee that it in in proper adjustment. 

Adjastment of Telescope to Vertical Axis. — Tl)c line of collima- 
tion of the telescope of a level or thcodoUte is the line which 
passes through the optical ceuti'o of the object-glass and the 
intersection of Lhc' cross-hairH in the diajjhragm. This line 
should be at right angles to the vertical axis, so tliat when the 
vertical axis of the instrument is truly vertical, the line of 
coliimation will be horizontal. In the ease of the dumpy level 
(shown in Fij?. llJ»)j the adjustment of the telescope at right 
angles to the vertical axis is made by the maker, the telescope 
being rigidly attached to the vertical axis. 

In order to test the accoracy of the adjustment, make or find 
two firm places at a convenient distance apart (say 200 feet), 
each exactly level with the other. Place the telescope halfway 
between these places, and in a straight line with them, and 
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level it. Talifi the reading of the Btaflf at each of these marks. 
If the vertical axis is at right angles to the tcloscope, then the 
two readings will be the same ; if the two rea^lings differ, the 
vertical axis is out cif ac1ju»tment, and this will invoIv« some 
loss of time in levelling tlie bubble-tubo for each sight instead of 
only once for each time the level is set up. 
H In tlie case of the Y-level (Fig. 120). where the telescope is 

' movable and the supports are capable of adjustment by means 
of screws, the adjustment is made in the folluwiug manner: A 
distant object (such as a Irvelling-stafF) is sighled, and the 
position of the cross-hairs upon this object marked precisely ; 
the telescope is then taken out of its Y's and turned end for 
end, and replaced and rotat<}d through an arc of 180' on the 
%'ertical axis. If the horizontal croRS*l)air is still on the same 
mark, the telescope and vertical axis are at right angles; if uot> 
the attachment to the vertical axis must be adjusted by means 
of the screw M (Fig. 1*20), so as to move the telescope to bring 
the cross-hairs half the distance between the two marks on the 

I staff. 
To make the Spiritlavel Parallel to the Line of CoUimatlon. — 
The Bpirit-ievel is attached to the telescope by means of screws 
at each end, or sometimes by moans of a hinge at one end and 
screws at the other. By moving these screws, one end uf the 
bubble-tube may be raised or lowered In relation to the other 
end. The level should be strictly parallel t9 the line of coIU- 
mation. This parallelism may be tested in the following 
manner : The telescope is Axed at a, half'Way between thu 
stations h and c, the distance from a to & being say (iO yards, 

»ftDd the staff is first rend at h and then at r, the position of the 
staff at eaoh reading being carefully noted and being on some 
hard and immovablo place. The level is now moved to the 
place r, about six or seven yards from the station U\ the staff ia 
then read again at the two former stations h and t\ If the 
difference in the readings is the same as when the level was 
half-way between the two stations, it is a sign that the bubble 
tube IB parallel to the lino of sight ; if it is not the same, it is 
a sign that the bubble tube ia not parallel. SuppoHt* that in the 
lirat reading, when the level was eciuidistant between h and t", 
the difference in levels of the two stations appeared to be 1*2 
foot, and that if when the lovcl was at c, the difference in the 
, readings nf the two stations was 1*4, then the bubble-tube must 
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be wljiisted BO tbat upon again bringing tho bubble into tlie 
centre of tho tube with the levelling- BCi*ewft, the difference 
between the readings h and c is precisely 1% which is the real 
difference in level, beciuise, in the first observation, the kvel 
being midway between the two Blationa, errors due to the 
bubble-tube not being parallel to the telescope were eliminated, 
because the error waa equal iu both readings. 

The method of adjusting the bubble-tube ik first of all to 
alter the inclination of the telescope as it stands at station e by 
means of the levelling-screwa till the readings of the staff in a 
line with it show a difference between the two stations h and r 
of 1*20. Wc know that the line of sight is then level The 
bubble-tube must now be adjusted by the screw or binge attach- 
ment to the teleHcop*^ till it appears level. 

Adjustments FreHminary to taking- Sights with the Level. — 
In using the level there aro some adjustments which have to 
be made continually. In tlie first place, tlie tripod must be 
firmly fixed, and, if the ground is soft, the legs pushed down 80 
that they are not likely to sink before tlie observations are 
completed; the brass head of tho tripod must be fixed by Lhe 
eye approximately level ; the levelling- screws should be all about 
the same length through the upper plate, iu order not to put a 
strain on the threads of the screws. 

The telescope is now directed upon the staff, and the adjust- 
ment for focus and parallax is mude. The object-glass is on a 
sliding tnhe. which can be moved in aud out by means of a rack 
and pinion. The nearer the object is to the telescope, the further 
the object-glass has to bo moved outwards (this is the adjust- 
ment for focus). In order that the cross-liairu may l>o distinctly 
seen, the eye-piece, which slides in and out, has to be adjusted 
(this is the adjustment for parallax). When both the eye-piece 
and tho object-glass aro correctly adjusted, the cross-hairs seem 
clearly and steadily fixed upon the staff in one place, even 
though the observer's eye may be moved from side to side or 
up and down ; uuless this is so, different readings will Ih) taken 
according to the position of the eye, and consequently errors 
may be made. The bubble must now ho brought to the centre 
of the tube by means of the levelling-screws, so that the 
telescope can be turned in any direction without moving the 
bubble, in tho manner described at the beginning of this chapter. 

Correct Hetbod of holdiiig the Staff. — It is im]>ortant that the 
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staff .should be held in a strictly vortical line, otherwise there is 
an error in the appttreut altittule proportionate to the difference 
betwetiu the radius and the cosine of the angle from the vertical 
at which the staff is held; thus, if the staff is sloping back- 
wards at an angle of 10', and the reading ia 10 feet, the real 
height will he 9H48, or an error of VnV of a foot; a staff, 
however, that is 10" out of trutli is obviously not vertical to the 
most inexperienced eye. If the inclination of the staff is ^^ 
from the vertical, and the readinf; is 10 feet, the real height 
would be 9*J>t>, or i^o of a foot less. .Any person standing on 
one side of a staff can sec at onec if it is more than 2 ont of the 
vertical, and that iiniount of inclination will not seriously affect 
the accuracy uf the reailing. SumetimeK a litthi spirit-level is 
fixed lo the back of the staff, so that the mun holding the staff 
may see by the position of the bubbb when he is holding it 
vertically. The surveyor can tell hy tho vertical cross-hair if the 
staff is leaning to the right or left, but he cannot tell whether 
it is leaning to or from him. Sometimes tho man holding the 
staff is instructed to swing the upper end of it to and from 
the surveyor. The vertical position of the staff is given by the 
lowest reading. 

It in exceedingly important that the man lioldlng the staff 
should not carelessly move it after the reading of the fore sight 
has been taken. A plan adopted by an old railway surveyor to 
iraiircHS this on tho mind of the labourer holding the staff, was 
lo give tho man half a crown to place on the ground at the 
station, the Staff on the top of it ; as he is not likely to leave 
tho half-crown behind, he is not likely to move the staff without 
]>icking up the coin — a movement which would probably he 
observed. 

In taking sights of a chain and upwards in length, tho 
8ur\'eyor can read the ht-ight of the crosshairs on the staff in 
feet and decimals. If, however, the staff is close to the level, 
the length of the staff within focus may be too short for him 
to read the feet, and he may require the staff lifted up to enable 
him lo see the number of feet below the decimal which he has 
already read. He ought to carefully note tho decimal before the 
staff is lifted, if it is the back sight ; and, if it is the fore sight, 
a/frr the staff has been replaced on the ground. There is no 
difficulty about instructing the man to lift the staff, as a rule, 
because the surveyor is olose to the staff. In the case, however, 
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or a mine where there is no free Bp&ce above the Btj^£f to permit 
of its Iwiiig lifted, it is commou for the mau holduig the 6tafi 
to pat his hand about the level of the croHS-hairs, atid then to 
read the red figure, -which is the number of feet below his band, 
or, what 'w, better still, tu keep his hand on the staff until the 
surveyor can come tu read the figure him- 
self, which involves very little loss of time, 
as the staff is only a few yards away from 
the level. With the staff shown in Fig. 1'27 
this procedure would be unnecessary, as the 
feet-reading is shown three times in every 
foot-IengLh. 

Curvature of the Earth, — Owing to the 
curvature of the earth's surface, objects as 
viewed through the telescope of a level, 
appear lower than they really are. For 
instance, if we suppose that the earth is 
perfectly circular (a perfect sphere without 
any hills or valleys), and that we have a 
level carefully adjusted so as to give a 
level or horizontal line of sight, then, if 
u staff is held some distance away from 
the level> it will give a higher reading 
than if held near the level, making it 
appear that there was a fall. As a matter 
of fact, both the points at which the staff 
was held would have the same level, as they 
would be the same distance from the earth's 
centre. 

Tims the greater the length of the sight, 
the greater the correction to be added to 
the apparent level to obtain the actual 
level. 

Refraction caused by the Atmofiphere. — 
Light always travels in a straight line unless 
diverted by the media through which it 
poues. In (lassing through the atmosphere, the ray of light is 
refracted (or bent) in snch a manner that the object viewed 
appears higher than it really is. 

Correction for Curvature and Refraotion. — Molesworth's pocket- 
hook gives the following useful rulo and table : — 
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D = distance in statnte miles. 
C = curvature in foet == jD^ CapproximatelyJ. 
C — R « curvature less refraction = ^D* (approximately). 
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0. 


G-a. 


D. 


CL 


0-R. 


D. 


0. 


\ 0-1. 




VM. 


Pm*. 




ViM. 


Fta. 




PMt 


fML 


1 


no)! 


057 


C 


24-<>0 


2057 


12 


OSII 


S3i) 




2<i7 


2-2y 


7 


:i2t.7 


'iHtHI 


14 


1800 


1 12-0 


'i 


tMHI 


.VM 


S 


♦3C7 


3«-57 


n; 


1700 


I WO 


4 


IHIj7 


!t-14 


■1 


MOO 


4lt}tU 


L8 


2ii;-o 


185-0 


5 


iii«7 


II 'ill 


10 


iW-f." 


.17 14 


20 


20C-7 


228-0 



The feet given in the above table {under the heading C — R) 
have to be added to each siglit which is long euough t<t require 
correction. 

A little reflectifin will make the effect of the curvature of the 
earth perfectly clear. Whtu the levelling-instrumeut ia erected 
on the tripod stand ready for use, with the proper adjustments 
made and the bubble-tube perfectly level, the vertical axis of 
the instrument is then a continuation of a nidial line drawn 
from the centre of the earth t" the circumference. The line of 
sight of the telescope is a lino at right angles to this vertical 
aiifl, and is therefore comparable to the tangent of a circle of 
which the radius is the distance from the centre of thu instru- 
ment to the centre of the I'arth. The levelling-staff, which is 
sighted through the telescope, being held vertically, is pointing 
towards the ceutru ut the earth, and is really a continuation of 
a straight line drawn from the centre of the earth through the 
circumference to where it meets the line of sight of the telescope. 
This straight line from the centre of the earth is comparable to 
the secant of the angle at the earth's centre. That part of the 
staff which is between the surface of the earth and the line of 
sight is that part of the line which, added to tlie radius, makes 
up the fall length of the secant. This part of t}ie secant, how- 
ever, in dealing with arcs of only a few seconds or even a few 
degrees in size, ia practically identical in length with the versed 
sine of the arc, and the leu£<:th of the tangent in arcs up to 8^ 
differs by only a small fraction from the length of the sine. So 
for thu purpose of considering the effects of curvaturt^, the length 
from the level to the staff may be taken as either the tangent 
or the sine of the angle subtended at the earth's centre, which- 
ever is mure convenient, and the distance as muaHurod on tho 
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Ic'VLlIiiig-atuir from the line of sigbl to the ground, may be 
recorded as the versed sine. For arcs of less than 10" the vergsd 
siDO varies approximately as the square of the Dumber of 
degn^es, or of the luiinber uf minutes or seconds in the tire 
resiwc lively. The distaDce from the level to the stafT is pro- 
portional to the size of the angle it subtends at the earth's 
Lcntre, and that is why the correction for curvature varies 
HB the 8(|imru of tlio distance. It is easy for the studt^nt to 
satisfy himself what tlie correction should be. For example, 
assume the radius of the earth to be 400() miles, and the length 
of sight to be lu miles, »ay from tlie side uf one mountain and 
across a valley to the side of another mountain. Then the sine 
or tangent is (J,',;,, = 00025, which is the natural sine of an arc 
of atiout 8^ minutLH. The versed sine of this arc is 0000009, 
that is to say, the versed sine is 0'0O00O3 of the radius of the 
earth (4000 miles), and is equal to 6H-36 feet; so that the mark 
sighted to on the mouittiLin, at a distance of 10 miles, is (>3 feet 
further from the centre of the earth, or, in common pailauce, 
63 feet higher than the eye of the observer at the teleBC0[>e. 

The above calculation hau to be corrected for refraction, as 
previously mentioned. The refraction of light rays is the 
change iu their direction when they pass from one medium to 
another, as, for instance, when tliey pass from air into water, 
or when they pass from a layer of air of one density to another 
layer of different dennity. The effect of refraction is to make 
bodies appear higher than they really are, and the effect of the 
earth's curvature is to make them appear lower than they really 
are. The effect of refraction ia much less than that of curva- 
ture. Hefractioi] varies as the stiuore of the distance, and for 
1 mile is 0-105 foot. Referring to the table previously given, 
it will be seen that in the case of a sight 1 mile in length, 
the correction for curvature and refraction is 0*57 feet. For 
A mile the correction would be abont one-fourth of the above 
figure, and for \ mile about one sixty-fourth of the above 
figure, or rather less than uol foot. With an ordinary 14-inch 
level it is difficult to read the staff with accuracy at a greater 
distance than 2'iO yards, at which distance the correction would 
be insignilicaut. For this reason, when levelling in the ordinary 
way, any correction of this kind can be entirely disregarded. 
But supposing that the surveyor could read the staff with a 
powerful telescope with minute accuiacy, the amount of the 
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correction is bo small that it would be a waste of time under 
ordinary circumstances to take any notice of curvature. Sup- 
pose, for instance, that a line was levelled continuously down- 
hill for 15 miles, with the back sights about *2'j feet long, and 
the fore sights about l*2ti feet long, the total currection would 
only amount to about 1 foot. The surveyor will, of course, bear 
in mind that if he takes back sights and fore sights of equal 
length, the error due to curvature and refraction will correct 
itself, and, if the surface is undulating, the errors due to the 
uneven lengths of the sights will correct themselves. 

Confusion has ofttin arii^en in the minds of people from 
the natural and prevailing idea that a line at right angles to 
a vertical line, and which for ordinary practical purposes is 
a level line, is necessarily a level line for geographical purposes. 

"When the sea is calm, the surface is level ; but it follows the 
curve of the eai-th. In the same way, the surface of a canal is 
level ; but it also follows the curve of the earth, tio that any 
number of lines drawn from the surface of the canal to the 
centre of the earth at any points in the canal, arc all of the 
same length, the water being held in thia position by the attrac- 
tion of gravitation. 

Borcheri' Vane Rod. — In some mines the vertical measure- 
ments are taken from the roof, and not from the floor. Mr. B. 
H. Brough, in his book ott Mine Surrrtfinn, describes a staff 
known as Horchers' vane rod, which is a steel rod having a 
hook at the upjter end. The rod is suspended from hooks iixed 
in the roof, and bangs vertically by its own weight; it ia 
graduated, measuring fr4}m the centre of the hmik at the top 
duwHwardB, A circular disc or target of sheet iron slides up 
and down this staff; a line is scratched across the centre of 
the target at right auglen to th(> Rtaff. and on this line are 
three holes; two of the holes are 0-1 inch diameter, and In one 
of these is Iixed a piece of ground glass ; the other hole is 007 
inch. The surveyor sights to a lamp held behind the disc 
opposite the hmall hole if he is near, and opposite one of the 
larger boles if be is some distance off. The assistant moves 
the disc up and down the stuff, until the illuuiinaled opening 
is bisected by the cro.ss-hairu uf the level, when thu assistant 
reads the height below the roof. By this system of suspending 
the staff, it is always vertical, and where the road happens to be 
level and &ee from smoke or vapour, lung sights may be taken, 
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owiug to the clearnesB with which the UlnmiDated bole can be 

StMJU. 

Levelling over Rough Oronnd by Means of Straight-edge and 
Spirit-level. — For rough work, or very awkward ground such 
as a tbiu seani, the teleNcope va suiuelimes dispeuHed with, 
and the surveyor uses an ordinary mason's spirit-level, with 
a straighl-edge of convenient length, &ny from to 12 feet, 
according to the steejuiBBfi of the incline (see Fig. 144). One end 
of the slraiMht-edge rests on the ground, rail, or sleeper; the 
other end is liTted up in contact with a vertical giliduated rule or 
staff, until thtj Imbble comes to the centi-e of the spiril-level on 
the straight-edge, when the altitude of the end of the straight- 
edge above the ground is read on the foot rule or other vortical 
graduated staff. The atraight-edge is then moved down the 
hill, and one end placed on the spot where the vertical staff 
was hold, and the operation repeated. Tliis method of work 

admits of great accuracy, 
and it ia obvious that 
the accuracy attained is 
in exact ratio to the 
care employed, provid- 
ing the straight-edge is 
really straight, and the 
spirit-level is aeenrately 
constructed. 

Water-leveL — A water- 
level,designed by Messrs. 
T. L. Galloway and C. 
Z. Bunning, has been 
used.^ lliis is a modih- 
cation of instruments of 
considerable antiquity. 
The apparatus, as con- 
structed hy these gentle- 
men, shown in Fig. 1*28, 
consials of two glass 
tubes connected by an 
indiarubber tnbe of any convenient length, according to the 
steepness of the roads it is intended to level, say 10 to 20 yards. 
Each glass tube is Axed in a stand, and has attached to it a 

■ i^ortA 0/ BnqXand InU. 3I.E., vol. xxvii. p. 33. 
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scale graduated into feci and Lundrcdths; coloured wntcr is 
put iutu the tiil>e», so that wheu the stands are both on the 
same level the water will be Imlf-WA^' ti[) tiach glas» tube; if 
one stand is now placed at a lower level, the water will rise in 
that tube and sink in the n|iper one. and tlie difference between 
the height of the water in the tuht-s shows the difference in 
level; thus if the water in the upper glass tube reads 54, and 
that iu the lower glass tube reads 'ATI, the difference in level 
ifi 3*18. A stop-couk is provided near the bottom of each glass 
tube, whieli is shut whilst the apparatus is being carried from 
station to station. 

When carefully used, this instrument is capable of giving 
accurate results, aud it is handy for getting over rough places. 



Fio. 12t*A.— Tltegtmdient telemetor lord. 



The Gradient Telemeter Level. — This ingenious instrument in 
intended to act both as u telemeter and as a level. Its con- 
struction may he gathered by reference to Fig. l'2dA. The 
gradient of any piece of laud is ascertained by inclining the 
telescope to the same slope as the ground, and the distance is 
measured with the aid of a levelling- a talT. The angle of inclina- 
tion, coTered by a given length of staff when observed twice, 
gives a measure of the distance. 

The value of the instrument Ilea in the exceedingly ingenious 
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mauuor in which these opcrattoua arc performed, and in the 
rules aud tables wliicli ore supplied with the InHlrument. 

On reference to the drawing, it will be seen thai the instru- 
ment is carried on a tripod, has three levolling-screwe, and a 
horizontal graduated plate. 

This horizontal plate revolves on a vertical axis, and carrier) 
with it the whole of the instrument. Inside tliis vertical axis is 
a second axis, which is attached to that part of the instrument 
which is above the horizontal plate. Tins upper part carries 
a compass by which the direction of the telescope can bo ascer- 
tained; it also carries an ordinary Y-levcl. Attached to the 
compass-box is an index or arrow-liead, A ; and by means of 
the Kcrew G the upper part of the instrument can bo clamped 
to the horizontal platt- H. \Vhcn proceeding to use the instru- 
ment, tho arrow A is clamped at zero, and the telescope is 
levelled in the ordinary manner, and turned in tlie direction of 
the staff. If the staff is within sight, the level of the station 
can be read in the ordinary way. If the staff is too low or too 
high, then it will be Tiecessary to unclamp the screw G, and 
turn the horizontal plate round until the telescope is inclined 
(being carried on an inclined axis) to such an angle that the 
Btaff can be read. 

If the horizoutitl plate is turned until the reading on the staff 
is the same as the height of the telescope above the ground, then 
the figure on the horizontal plate opposite the arrow-head is the 
gradient of the slope. If by turning tht: horizontal plate two 
observations are taken to the staff, so that the readings differ by 
5 or ti feet, a simple calculation enables the distance of the staff 
tu be found. 

The instrument that will measure the distance in this simido 
manner, and also give the gradient, and can be used as an ordi- 
nary level and give compass-bearingH, seems to be very useful.' 

Levelling by Anglei. — As already stated in Chapter iX., 
pp. 17t) to IHO, the relative altitudes of the stations in the line 
of survey can bo ascertained by reading the vertical angle with 
tho theodolite, or, more roughly, with the dial or clinometer. 
Tint lunthod may be undorstood by reference to Fig. 1'29. 
Here the theodolite is fixed at tho top of a hmg but moderate 
slope, aud at the foot of a steep incline. The line of collimation 

I Fartk<*r pnrikuliLra eoi) bo asctrtainnl Troni tlie puiipblet. wliivh enii bt- 
obdiiaoil fTwin tho tnukvr, Mr. L. Cum'Uii, 147. Uolhom Hfcrn. T.(in.IoD, K.C 
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is fixed perfectly lovol with the vernier of the vertical circle 
at zero ; the telescope is now directed to a staff at tiie hottotn 
of the hill, ou which is a crosH-bar the same height above the 
ground ae the telescope ; the angle of dcpresBion read, 4'' 3-1', 
IB the slope of the incline, and thi; distanre measured Ik the 
hypothtiiUKO of a triangle of which tlie horizontiil distance is 

Bae and the vertical elevation is the perpendicular, or the 



Fto. 139— IjerelliDi; liy angloi. 

the vertical diRtonce is tlie sine and the horizontal distance 
the cosine. Half-waj" between the bottom of the hill and the 
iuslruraent is a depression; the It^velling-staff is held in this 
depression, and the height read, which is 12*50 ; the height 
of the thecHlolite was 44, therefore the deprebaion is 8-l(J below 
the lino of sight. Tliis dopression can, therefore, be drawn on 
the plotted section. The telescope is now directed to the staff 





Fto. ISO.— Mode oflioolciBp when IotcIUdit bj> aoKlflft 

higher np the hill, and the angle read, which is IS" 14'. Thero 
are several kuobs and depressions of the ground on this line which 
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aro measured by reading the depth below the line of Bight. The 
inatmmeiit is now moved forward further up the liill, and fixed 
within sight of the last staff, and the operation repeated. 

In levelling by means of angles the sight may be very long, 
and, therefore, corrections for curvature may he required. 

The mode of booking is shoi^ii in Fig. 130, and the 
calculations in Fig. 131, and the plotted section in Fig. lii'2. 

The intermediate staff-readings have not been plotted on 
Fig. 132, as it is drawn to too small a seale. 
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Km 1 3',!, — j*fcli()»i pliittcl fpJtii FifTfl \W aud 131. Tljt- lower line rpprewiitu the 
tcmfaCfi aA plouod with bolb borixontal «tid v(.-rtical Kolet of 500 f^t to I inch ; 
the iipiHT lino ii« |)lotU-d witli u linriiuititnl bc*Iv of fiWI fiwC to I idcIi, Had a 
vertical Bcmle of lOO Tect it> t inch. 

The figure shows two sections, each plotted from the same 
datum. The smaller sei'tion ik plotted to a natural scale; that 
is to say, the altitudes and the horizontal lengths arc both 
plotted ou the same scale, viz. 500 feet to 1 inch. Tht large 
section is plotted to a distorted scale, the horizontal scale being 
500 feet to 1 inch, and the vertical scale 100 feet to 1 inch. 

It is usual to plot sections of the surface, taken for the 
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purpoBe of a i>roposo4l road or railway, on a tlistorted scale, ir 
order that irregularities of the Rurfaco may bo clt^arly Hhown. 
For such a section a horizontal scale of 2 chains to 1 inch, and 
a vertical scale of 20 feot to 1 inch is convenient, and a similar 
ratio for larger or Buialler scaU;B. 

For Bcotions made for geological or mining purposes, a 
natural scale is to ho preferred, as a distorted scale present? 
a confusing and tlierefore a misleading picture. 

Ueasoring Altitudes by Traversing' in a Vertical Plane. — The 
use of the hiihble-tube on the theodolite may be dispensed with 
if, instead of morcly reading the angle of depression or elevation 
from the lioriKontal as ascertained h^- the spirit-level, the angles 
are observed as a traverse in a vertical plane using the first line 
of ^iglit as a base. In this case the theodolite is fixed at h, 
looking hack to the station a ; the relative levels a and h have 
been previously carefully ascertained by onlinary spirit-levelling, 
and therefore the angle of depression can he oaloulated. If the 
instrument has a bubble-tube in proper adjustment, the angle 
as observed will be the same, after setting the lino of collima- 
tion level with tlie vernier at zero, and directing the telescope 
to a point the same height above station a that the telescope is 
above h. The telescope is now reversed on the horizontal axis, 
and the fore sight observed to the station r, the angle of elera- 
lion being road, the cross'hairs being fixed on the staff at the 
same height above r- as tlie telescope is above h. The theodolite 
is now moved forward lo .■ and fixed over the station, and the 
staff is held up at h ; the telescope is directed so that the cross- 
hair cuts the staff at tho same height above the station h as the 
theodolite is above the station at c, though not necessarily at 
the some height as when the theodolite was at h and the staff 
at c. The vernier is now ilxed at the angle of elevation read 
when the theodolite wu» at h looking towards c ; if the instru- 
ment has been levelled, the cross-hairs in the telescope should 
now coincide with the point h, but if not, the telescope may be 
brought down on to the object /' by means of the two screws 
that move the art lo which the vernier circle can be clamped. 
The vernier circle is now undamped, and the telescope reversed 
and fixed on the upper station <{, and the angle read. In this 
way, the use of the spirit-level on the telescope is merely a 
check, and is not essential. This plan, however, is not to be 
recommended in preference to the use of the spirit-level at 
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each station, because any mistake made in the reading of any 
one angle is multiplied by the entire length of the survey, 




whereas if the spirit-level is used every time the instrument 
is set up, and all the angles measured from the horizontal at 
each station, the errors in reading from that station are 

Q 
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coufiiied to tbe distaiices meaFfarei] frpm that Btntion to the next. 
In a traverse of this kind the correction for curvature and 
refraction muHt be made ais if tbe whole length of the travcrEu 
was one sight. 

Calculation of Heights from Observed Angles, the Horizontal 
Distance being: known. — The altitades of various stations, the 
distancoH uf which from tho instrument can be determined bj^ 
reference to some plan, can also be oonveuiently obtained 
approximattily by the theodolite, as in Fig. 13S. Here the 
theodolitti \% tixcd at ii, a kiinwn Hpot on the plan; h^ c, (f, and 
t!. are nluo marked on the plan ; the angles of elevation may 
thus be rend, say, h, 6* 10' ; c, 14* 5' ; rf, 15** 50' ; c, 22" 10'. The 
Icngtbs ah' y tec, mi', and iu\ which are known from the plan, may 
be considered as radii uf the correspunding arcs, and the vertical 
altitudes hh', cc', dd\ a' are tangents, tbe value of which is foimd 
by multiplying the natural tangent of the angle by the corro- 
Bponding radiuH, thus — 

Aoglfl of tilevBtioa of b = 6" It)' nat Ungsnt = 0108e4f;2 x lOO = I&8 twi 
, fl=U°a' ,. .. =0-850873* X 150= 37 fiS ., 

„ ., rf = IS*" 60' „ „ * U^SflU^t) X 2^0 = «2 8U « 

« = 22<'10'„ .. =0-4U74l39x 425 = 17315 ., 

For long sights the correction fur curvature must be made 
'^p. 214). 

Tbe method of levelling jui»t described with the theodolite 
can be done with other instruments uf less preuiaion, as, for 
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Fig. 133a.— a buoy** level. 

instance, by means of tbe dial with a vertical semicircle or 
circle, by means of tbo box sextant, by tbe clinometer, or by 
nn Ahiiey's level. 

Ahney's Level. — An illustration of Ahuey's level is given in 



LEVELUNG. 



227 



Fig. 13t(A. It consists of a tube, k, provided with eye-piece, rt, and 
cross-bairs, h. Attached to tlie tube ia a graduated Bemicirclc, d, 
and at the L>6iitre of this is an nu^s carrying a small bubble- 
tube. '■„ w}iich can be rtivolved ; an index with vernier shows the 
inclination. Across half of the night-tube is a rcflectur, adjusted 
at an angle of W, so that when the bubble is in the centre of 
its run, its rellectiou is seen by the eye of ihe observer. It will 
thuH be seen that if a sigltt is taken to soino object, and the 
babble'tubo is moved till the bubble a)>peai's in the centre, 
the vernier will record the angle of elevation or dcpresBiou of 
the object Bij;bled. 

Advantage of Levelling by Angle*. — The advantage of Levelling 
by angles is only where ibe inclination is considerable ; if tlio 
inclination is such that sights of 5 to 10 L-bains can be taken 
with the ordinary level, no time is gained by taking the angles; 
but where Lhu inclinittion is such that tlie length of sights ia 
reduced with a lU-feet staff to a eouple of chains, the levelling 
process demands a good deal of time, and where— as is not 
infrequently the nase, esjwcially in mines — the length of sights 
is reduced to loss tlian half a chain, the levelling process is 
a ver^' slow one indeed. The spaed of levelling by angles is, 
except for veiy steei> roads, independent of the inclination, but 
is limited by the uniformity of the incline ; the altitude of 
a uniform slope of any length within the clear vision of the 
telescope con be measured with the theodolite. Tliis renders 
this mode of levelling imrticularly useful for geological purposes, 
and for preliminary surveys where minute accuracy is not 
required. It must be borne in mind thai the longer the sights 
the larger the errors likely to be made. 

Unng Theodohte for Ordinary Levelling. — The theodolite can 
be used in the same way as an ordinary level by clamping the 
vertical circle at :iero and bringing the bubble level in the 
usual way witb the screws on the parallel plates or tripod. 

ContooriBg. — Contour hnes are marked upon some uf the 
maps of the British Ordnance Survey. A contour line is so 
called because it is a level line which, like a canal, follows the 
contour of the surface. A contour line may be marked out on 
the surface of the ground in the following manner: Let the 
level be fixed at any point, say a (Fig. 134), and let the staff be 
held at the point /* upon a peg, the top of which is nearly level 
witb the surface of the groimd, and which is, say, 225 feet above 



MINE SURVEYING, 

the 8oa. The cross-hairs ri'ad the tigarc 1(J'2 on the stal 
The staff is now moved in the direction of the point <■, which 
is distant, say 1 chain. The assistant holds the lower end of 
the staff close to the surface of the ground, and walks up ami 
down hill as directed by the Hurveyor until the cross-hair of the 
ttik'Hcope is in line with the figure 1012 on the staff; the ground 
is here 10 2 feel helow the level of the lelescope, and therefore 
it is at the same level as the top of the peg \>. A peg may be 
driven down hero. The staff is then moved to another point, 
ff, and the place is found where the cross-hair of the telescope 
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reads 10*2, as before, when Another peg is pat down. In this 
way as many pegs are put down as are within sight of the 
telescope on the same level. A survey' may subsequently be 
made of these pegs, and their positions marked on the plan; 
a line drawn on the plan from peg to peg will be a contour 
line. The surveyor, having carried this line ns far as it is 
reciuircd, will then level up the hill, say 25 feet, and fix a peg 
at ni, 25 feut above the peg h\ he wJU then proceed to range 
a line of pegs, rrr, », i>, etc., which are on the contour line 25U 
feet above the sea. 

In the same way, contour lines may be shown on a mining 
plan, hut since the view of the surveyor in a miue is confined 
to the narrow road in which he stands, thu only method of 
coutouring is to take levels of each road and mark them in 
writing in the way shown in Fig. 185. Here every change of 
level of 10 feet is marked with a dot, and the altitude shown in 
figarcs, the figures giving either the depth hclow some station, 
Bucli as the shaft-top, ur else the Ordnance datum is used, 
the correct distance of the shaft-bottom above or below Ordnance 
datum having first been carefully obtained. 

All the marks of equal altitude may now he connected by 
lines. It is obvious that where the seam is steep these linos 
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contoured plan. Fig. IBfi sliows a plan of the surface with 
the surface contours iu dotted lines; a line is marked ncross 
the plan, and the corresponding section showing llio clianges in 
level 18 also drawn. 

I^Telling by Barometer.— The barometer is of great use lo 
explorers, enabling them to ascertain the approximate attitude 
of any place above the »ea-leve). The theory of bftvomotrio 
levelling may be besl understood by referencf to Fig. l.")7. In 
this case a section is shown of part of the earth's surface with 
the atmospheric covering. The thiekness of the air, though 
liable to occasional variation, is usually fairly constant at all 
eeasons of the year, and the weight of the air at the sea-level 
ia on the average about 14*7 lbs. to the square inch, or nearly 




Pra 137. — ^Thfor; of bnrometric levelling. TIio aliadiDg roprotenti 
tho RimDaphvrc. 

15 lbs. This is equal to the weight of a column of mercury 
1 inch square and 80 incheB bigb. (Slereury weighs (al 32' F.) 
0*401 lb. per cubic inch.) Owing to atmospheric disturbances, 
the thickness of air over any particular place is oocasionally 
reduced about 10 per cent., or say down to 28 inches, and 
oecaBioDally increased to nearly 31 inches. A very low reading, 
however, seldom laHts long, the ordinary variation in fireat 
Britain at sea-level not exceeding 3 per cent., or say the 
barometer is between 2i> and 30 inches, the average height of 
the barometer at sea-level being, say, 2'J*0.1 inches. 

On asoending*, Atmospheric Preuore falh; descending, Atmo* 
spheric Fressnre increaBes. — It is evident that if the observer 
asi^emls a hill, he will have a certain weight of nir below bim 
varying with the elevation he has attained, and since the total 
weight of air is constant, the weight of air above him must 
be correspondingly reduced. If, therefore, he can ascertain the 
_ weight of air above, he can, by subtraction from th« total weight, 
■ obtain the amount of air below him; this is the method of 
I barometric levelling. At each citation, the altitude of which 
I is required, the observer measures the weight of air above, then 
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subtracts that quantity from ihe total weiglit of the atmosphere 
at sca-lcTcI, the difference being the weight of au: between the 
Btation of the observer and sea-level. 

Explanation of Barometer. — The barometer is simply a weigh- 
ing-machine ai>plieil to weighing the atmosphere. The weight 
of a oolurau of air is equal to the pressure of a column of 
equal size over the area of the base of the column ; thua if 
a eolomn of air the height of the atmosphere and 1 inch 
square has a pressure of 1^ lbs., theu 15 lbs. is the weight of 
a column of air of which the cross-section is I square inch 
and the heigltt is equal to the height of the atmnsi>liere ; thus 
in ascertaining the pressure of Uie air we ascertain its weight. 

The mercurial barometer (see Fig. i;t8} consists of a long 
tube, say :tr> inches long, one end of which is sealed, and the 
other bent round and enlarged to form a cup. 
The tube is placed vertically with the top of the 
cup upwards ; the cup is iilled with mercury, or 
quicksilver, as it is sometimes called. By a pro- 
cess which it is not necessary here to describe, 
all the air has bt^jri removed from the tube, but 
the air is present on the surface of the mercury 
in the cup, and presses it down. As the tnl>e 
is curved, the mercury, as it goes down from the 
cup, must rise up the long vertical leg, and it 
continues to rise until the weight of mercury in 
the tube above the level of the mercury in the 
cup has a pressure ]ier square inch equal to 
the pressure of the atmosiibcro per square inch. 

Il will be understood by ihe Ktudeut that up 
to the level of the top of the mercury in the cap, 
the mercury in the tube and the mercury iu the 
cup balance; above that level on the cup side 
there is no mercuiy, and on the tube side there 
is no atmosphere ; therefore the mercury in the 
tube has to balance the atmosphere. The cup is 
made very large as compared with the tube, in 
order that a great variation in the height of the column of 
mercury in the tube may take place with a very small variation 
in the. height of the mercury in the cup. Aa already stated, at 
thf sea-level ftu inches of mercury (29*95 inches in Kngland) 
balance the atmosphere on the average. At a higher level, 
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say 1000 feet, the colnmn of air above the cup \% less, con- 
sequently the pressure of the air on the top of the cup is less, 
and a loss column of mcreury is requited to balance this 
pressure ; the mercury therefore falls to the extent of the weight 
of the lltOU feet of air which are below the cup. This weight, 
if the barometer reading at sea-level is 30 inches, and the tem- 
<|)erature 52*, will be equivalent to a proRsure of about 0*541 lb. 
per square inch, equal to a column of mercury about I'l inch 
high, and the barometer therefore will read 30 inches — 11 inch, 
or about '2H*9 inches. Therefore, if the hftronifct«r reads 2B"9, 
the observer knows that there is a weight of air below him equal 
to I'l inch of mercury, which, if tho temperature is 52', and the 
barometer at the aea-level 30, is eijual to a column of air about 
1000 feet in height. 

It is, however, necessary to correct the above calculation 
by the consideration that the colnmn nf air 1000 feet high will 
not have the uame density Lhrougliout; thus, whilst 1 cubic fool 
at the 8ea*leTe1 would weigh O-077 lb., 1 cubic foot at the 
1000-feet level would weigli 0M>753 lb., and the average weight of 
a cubic fool of air in tlie whole distance would he the mean 
of these two figures, or 0()7615 lb., and the weight of a column 
of air 1000 feet high and 1 foot square at the base would he 
7C*15 lbs., dividing this by 114, we get tho weight of a column 
of air 1 inch square at the base, which is about 0'5*2!l lb. 

Assuming the mercurial column at the aea-lovel to bo 30 
inches, then the fall of the column at the l(K)0-feet altitude will be 
found by the following rule of three sum : 14*7 : 0*529 : : 30 : sr. 
Hero X = 1*08 inch. 

In a similar manner, we can calculate the amount the 
barometer will fall for any other elevation more or less than 
1000 feet, and also for any depression. The student will 
readily see that here is a means of calculating the height 
that a barometer is raised or the do^th that it is depressod 
by the corresjxindiug fall or rise of the mercurial column ; 
thus, should he walk up a mountain and observe that the 
barometer has fallen frum 30 inches when be waa at the 
base to 281)2 incheH at the top, be knows that the height of 
Lbe mountain is loon feet, that is to say, assuming that the 
temperature of the air is tho same as in the previous observa- 
tions, namely, iVi . Bliould, however, the N'mperature ho 
different, then the height will not be 1000 feet, but it will 
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be 



less than 1000 feet, bet 



more or iess tnan liHKi Jeet, beciiuee 1000 feet of air nt 
1*2'' \t'eigb more t)ian the snmc volnme at 52^, and. of course, 
would have a greater effect upon the mercurial column; tlmn, 
in calculating the height of a hill or the depth of a pit, it is 
absolutely necessary always to take the temperature of the air, 
not only at the upper and lower Btations, but at intermediate 
|)]aces, BO as to arrive at the mean temperature of the air. 

The correction for temperature must be made in accordance 
with the following ascertained rules. If air having a iempernturp 
of 0" Y. iH heated to a temperature of 1 F., it will expand ^ •, „ 
of its volume, and if it is heated to any other temperature. 
say 100", the exi>anRion will be in the same ratio, or jH 
of its volume. If a volume of -159 cubic feet of air at 0' is 
raised to a temperature of 1° (prcBsure constant), it will occupy 
a volume of 400 cubic feet; if it is raised to a temperature 
of 100*, it will occupy a volumo of 459 + Yi% k 459 = 5/>0. 
lu this way the relative volumes of the same weight of air for 
any difference in temperature can he at once ascertained by 
adding the observed temperature to 459. Thus taking four 
temperatures— 0\ 32', 41^ 71'— the volumes would be 459, 491, 
500, and i>90, and the relative densities will be iu the inverse 
ratio; thus the weight of 1000 feet of air at 32- : weight ol 
lono f(?et ol air at 41^: : 500 : 491 ; and again, tihe weight 
of lOiHi feet of nir at 82" : weight of 1000 feet of air at 
VT: : 530:491. 

Ab freezing-point is a temperature that can be easily veriGed, 
the expansion of air for an increase in temperature of 1" F. ia 
often spoken of hs the . \ , part of its volume at freezing ; it would 
be quite as convi'nient to say that the expansion of air was j\^ 
part of its volume at 41" for every increment of 1°, 600 being a 
much more convenient figure for division than 491 or 459. 

Supposing that, ia observing the barometer on the hill 
referred to, the temperature was found to be fiO" at the bottom 
and 58^* nt the top, or an a^-erage temperature of 59^, or 7^ 
higher than the previously assumed temperature of 52°, then 
the air will, of course, have expanded; nt 52° temperature the 
volume of the air will have expanded from zero /«'»> making 
a volume of 511 ; if the temperature rises lo 59**, the expansion 
will be It 1 1 of its volnme nt 52*", increasing the volnme to 51H. 
The density of the air is inversely as the temperature, thus the 
density of the air at 59" : the density of the air at 52' : : 511 : 518; 



tf 



LEVELLING. 



then the height of the column will ho incrensed in tbo game 
proportion: 511 : 518 : : lOOO : l(H3-7» feet. If. however, the 
temperature, instead of being increased from ^-i" to 59"^, had 
been decreased to 41°, the denHity of the ftir would have been 
increased in the ratio of 50(1 to h\l , and the height of the colnmn 
would have been decreased in the same ratio, that ir to say, 
All : 500 : : 1000 : OTft'-lT feet. 

Compensated Barometers. — The mercury itf^tlf is ufTcoted by 
temperature; thus n cohinm of mercury :io iurlies high and 70' 
ieraperature weigha luucth less than a cohimn of mercury 30 
inches high and 32" temperature, therefore the hiirometric 
readings must be corrected for temperature. Mercm-y expands 
with great regularity, the expansion between fi'eezing-point and 
boiling-point, that is, l>etween 32" and 212" F., or a rise of IftO", 
is 0*01R153, about ,'.,, or, taking a column 30 inches high, 
W inch, and the expansion for 18' would be k\ inch ; 
thus between freezing-point and 50"" temperature, the baro- 
metric column would rise ^^y inch, whilst the atmospheric 
pressure remained! constant. For a rise of 1' the expansion 
would be O'OOOl, or m^iirff; for a column 30 inches high the 
expansion for 1" would be tcVW or O'OOB; thus, the correction 
for ^s^f^ rise of temperature of I ah<ive tht" stniidard is approxi- 
mately a reduction of .,.\;, for every degree, 
that is lo say, assumiug the standard tem- 
perature to be 52", and tliR ai^luitl tempera- 
ture 58™, and the barometric reading 30003 
inches, this reading must be corrected to SO 
inches. If, however, the actual temperature 
were 51\ and the barometric rending was 
29'0n7, this reading must be increased by the 
addition of 0-003, which would make the correct 
reading 30 inches. 

Some mercurial barometers have a means 
of correction for temperature by adjusting the 
height of the mercurial cistern for various 
tem]H?ratures ; this, however, is not nsual. A 
oarefolly made barometer generally i-ontains 
the mercury in a glass cup, which allows of 
the level of the mercury witliin being seen. The bottom of the 
cylinder is made of flexible leather. DB. and can be raised or 
lowered by the screw C (Fig. 130). At the top of the cup is an 
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iTory pointer, A, and before taking an observation, the level 

of the mercury ia care- 
fully adjusted to this 
mark, which correspondB 
with zero on the scale, 
and the correctioti for 
temperature is made by 
calculation. 

Portable Barometer. — 
In order that the baro- 
meter may be portable, 
the iluxible diaphragm 
is raised by the screw 
until the mercury is 
preBHed to the top of the 
cup, the o])emng to the 
atmosphere being closed; 
by the same operation 
the long glass column is 
also tilled with mcrcaiy, 
so that there is uotUing 
to shake ulwut. The 
barometer is fixed in a 
strong wooden or metal 
tnbe, and a light tripod 
stand is carried by which 
it can be suspended in 
a vertical position (see 
Kig. l-in).' 

Aneroid Barometer. — 
The most portable form 
of barometer is called an 
aneroid. In this case, 
instead of the mercurial 
tube, there is a metallic 
box from which the at- 
mosphere has been par- 
tially exhausted ; the 
cover of the box either 

itself forms a spring, or a metallic spring is attached to the 

The illiutnitl»n alMtwit NrgrcUi mid 2nmbn'« diuoitUiu Iwnnui-tvr. 
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cover and jtrevents it from collapsing. When tbu jtreasnre of 
tbe atmosphere inereases, the box-cover is pressed in ; when 
the pressure of the atmoBpherc decreaBcs, tlio spring causes the 
box-cover to come out. By means of multiplyiug-gear, the move- 
ment of llie box-cover is shown by h pointer on a dial-plate. 
These instruments may be made to work with great nicety and 
regularity ; but they must be carefully tested from time to time 
by means of a mercurial barometer. The instrument is made 
in sizes from 2 inches diameter up to aliont a inches diameter; 
if the case is made of aluminium, the latter size is quite portable, 
and is suitable for levelling operations, either on thu surface or 
ID the mine, in cases where an error in level of »ay 10 or 20 feet 
is not material. 

With a well-tried 5-iuch aneroid, levelling^ may bu taken to 
witbin lU feet of the correct level, and if the levellings are 
repeated four or five times, the error may be reduced from 
10 feet to '2 or B feet, or even less; but it must be rumembtired 
that whilst in some cases the levelling with tlie aneroid is 
correct to a foot, in other cases, even with the best aneroid, 
there may be an error of 10 feet, and therefore this instrument 
must not be used where great accuracy is required. 

Fixed-scale Barometer. — It is convenient for the surveyor to 
have an approximate rule always ready, eitlier in his head or 
in his note-book, and for this purjwse a scale may be calculated to 
suit the average temperature. English aneroids are usually 
fitt^'d with a scale showiug the altitude in feet above the sea-level 
for any given barometric pressure witli an average atmospheric 
temperature of 50'. 

50 is rather more tiian the average temperature of the air 
on the surface of the earth in the latitude of Yorkshire, taking 
the average of winter and summer, the actual average at Brad- 
ford being ^*A"6}^ At Greenwich the mean average temperature, 
according to (ilaisher, is 11)2"; Dresden, -IT'tt' ; Moscow, 38*5"; 
Home, 5D'7 ; JamuicA, 70 ." 

The mechanism of the best aneroids is compouHated for 
variationa of temjierature in the instrument itself, so that the 
reading will be the same, whether it is inside a warm room or 
out of doors in the frost, provided that the atmospheric pret<sure 
is the same in each case. When the atmospheric temperature 

' Tiilrli! publialied by McaHn. i. McLiind«bon}«(;li, M-LCE., elc, and A. £. 
' Box on i/M<. 
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iia))})ens to be 50", no calculation at all is ueoesaary iu loveUing 
with tliiK inHtniment (that in, with the altitude scale attached as 
named above), except the 8ubtraciion of the lesser height from 
the greater, to show the differetico in level ; thus, if station A 
reads H^4 feet on the barometric Bcale, and Htatiou B 560 feet on 
the same scale, the difference in level is 56() — 324 = 236 feet. 

The difference of atmospheric proBSure, however, between 
two ditferent Ktatlons i^ I^hh hI high temperatures than tt \% 
at low ones, consequently the scale needs correcting. The 
variations of altitude shown by the fixed scale at a less tern* 
])uratur6 than 50 are too great, and at higher temperatures are 
too small. Fig. 1-IOa shows the correction. 
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Fra. UUa.— Uiu^iun uiving oorrMUon for mMit t«tup«ruttini. 

It will bo seen that with the mean temperature at 53' no 
correction is necessary. With the mean or average temperature 
as 85°, the reading on the scale of the aneroid must be multi* 
plitd by 1*07 in order to get a correct altitude. ^ 

Levelling by Boiling-point Thermometer. — The temperature 
at which water boils in iiii open vessel is de^iendent on the 
pressure of the atmosphere, bo that when the atmoepberio 
pressure is less, the temperature of boiling water, or the 
temperature of steam at the atmospheric pressure, is also less; 
and inversely, when the pressure increases, the temperature at 
which water boils, or the temperature of the steam at atmo- 
spheric pressure, is also greater. Thus, whilst under the ordinary 
atmospheric pressure water boils when it is heated to 212^ 
if this water is put Into a receiver in which the atmospheric 
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ressuK is reduced by means of Hn air-piyup ta say u inches 
of mercury, then it will boil at a temperntiu'e of 134. On 
th« other band, if water is [lut into a woll-madc Btoel boiler, 
and subjected to a pressure of ten atmoHpherea, it will not boil 
until a temperature of 357 F. is reached. This quality of 
water (and otber liquids) has been utilized for the purpose of 
measuring the atmospheric pressure, numerous experiments 
having determined the exact temperatures at which water 
vaporizes for a great number of pressures. 

Table Xll.* shows the temperature at which water boils, 
that is, the tc-mperature of the steam given off by the boiling 
water, for pressures varying between 17 inches of mercury and 
31 inches of mercury. 

TABLE XU. 

TcurcOATDKC AT WUI01I WaTKK BUILS FOR PKIWIOaBa VAHTtKO BBTWUKN 17 IMOUW 

or Mkbcdbt axd 31 iHcnn or Muodrt. 



PrtMunla 


BniUog' 


Cretfuivla 


BoUlnc- 


PraHurcIn 


IMIinB- ' 


PnMun 111 


lk.|llii(. 


incbMot 


ntdnl. 
F«l>r. 


incbrit uf 


potni. 


[achMof 


nolnt. 
FAbr. 


iDolMaof 


(ivlni. 


■wnnij. 


nu-nMTJ 

31-0S8 


vatMoxj. 


uMfvurjr. 


17-(M8 


185° 


IW-fi" 


21 493 


202-1** 


1 

28i)n 


2(»'7» 


I8-0O0 


187&<» 


21 -531) 


n^MI- 


2;rlKlfl 


■joa-i'* 


2S-521 


209*» 


18-512 


l88-8<> 


22twa 


1970° 


'i5;.|7 


iOll^ 


ay-cno 


2HNJ« 


19-(f36 


190-1" 


S2-496 


198-tf' 


26-013 


203- 1 " 


t}',m 


211-8" 


19490 


IOi-i« 


23019 


la&i" 


2tii23 


■i06(l=* 


y)j-04i 


2128" 


aooST 


192-fto 


23-5i>2 


20OI* 


21 QH 


2M(3»° 


afr522 


2130" 


so'sn 


IflSG* 


24-012 


Mii* 


27-507 


2078" 


aioiu 


213 8" 



Caloul&tion of Altitude by Boiling-point Thermometar. — Tn order 
to ascertain the din'erfuoc of altituiioj corresponding with any 
difference of pressure or with any difference in the lemperature 
of the boiling-point, the following rule, given by Theodore G. 
Gribble, is useful : — '■' 

liuU. — Let £ = temperature of boiling-point iu degrees F. 
deducted from 212 ; H = heiglit of station above sea-level; 
K = 5-lU for a mean temperature of intermediate aii' of 53 , and 
varying as explained below. H = KB -\- B". 

ICXAiiPt.E.— Boiliug-poioto, 211-37**. "JIO-U"; die mean temperature of iJiu 
UtDOBplibro, Vrl!' K : ruqttired the difl'crencv of elevution. 

U = 540 X 1-004 X 63 -f 0-(i3^ = 363v(7 
H* = 540 X 1-OtM X l-8« + I 80* = 1072-M 



Am. Difference id feet 709-77 



' Frum HinU to TmntierM. 

* Pnliminary Surrtf/ (LoDgmatu, Oroen, axu\ Co.). 
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In tba above example, K is 540. If the mi^an temperature 
had been 53', no correction would be necessary ; the mean 
temperature, however, ia 82^, consequently K must be increased, 
and the multipHer is found from Fig. HOa to be TOIW, 
which 18 the currecUon madu uu account uf the tetnperature of 
the air; the figure 0*63 in the difference between 212" and 
211 '37' ; and 0*63^ is the square of this difference ; thetigure I'titi 
is the difference between 21014 and 212 . 

The boiling-point thermometer is often constructed for use 
wth a spirit lami) and small portable boiler 
and telebeopiu tube, the whole of the apparatus 
fitting into a circular tin case (i inches long 
and 2 inches diameter. The mode of using \& 
showu in Fig. 141. 

Method of Levelling by meani of Barometer 
or Boiling-point Thermometer.— A single obser- 
viitiou <if tlie barumttcr or boiling-point ther- 
inometer does not give the altitude of any 
station that nmy be observed ; it only gives the 
]irobtiure of the utmosphcrc at that particular 
lime, and this, as is well known, may vary from 
hour to hour and day to day. All that cau be 
known from the obeen-ation of those instruments 
is the comparative pressure of the atmospheru 
at different places ; thus if the surveyor starts 
troni the 8ea-level at a.m., observing the 
barometer (or boiling-point thermometer), ftnd 
also recording the temperature of the atmo- 
bplitn^ ht! may pmceed up or down hill, observ- 
ing tlie barometer at every change of inclination, 
noting the station and atmospheric tempera- 
ture ; returning in the afternoon by thu same 
route, he may again observe the instruments 
at the (•lime stations as in the morning. 
If it is apparent thai the aUuospheric pressure has been 
constant all day, the relative levels of all the various stations 
cau be calculated from the observations made. It might, bow* 
ever, not improbably happen that on retui'niug at night to the 
starting-point of the murnlug, the barometer reading is, say 
4 inch lower than in the morning ; it is obvious that all the 
readings madu will have to be corrected for this variation in the 
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wla! atmosplieric pressure, aud tho surveyor, if working single- 
liauded^ way liavo nieaus fur fiicili luting this forrection. For 
instance, if, at noonday, having finished his outward jouraey, lie 
observes tho barometer, then, icnmining at tlio same place for 
one hour, he observes tho harooieter agaiu, he will see if it 
is stationary. If it has fallen, say ^^ inch, he will note the 
circumstatice ; again, on the return journey, he will note that 
the barometer shows continuous signn of falling as compared 
with the observations made in bis outward march. In order 
to judge of the rate at which tho barometer is falling, the 
hour of each observation should be uoted. In thiH way the 
aurreyor will ascertain whether tho fall in the atmospheric 
pressure of \ inch which has occurred during the day is in 
coneequence of a regular decline or a sudden drop. If it is a 
regular decline, the corrections in the readings can be easily 
made ; suppose the decline to he at the rate of ,'.j inch per hour, 
then the readings as observed must be increased by ,', inch for 
every hour that has elapsed since the first reading ; if, however, 
the fall has occurred suddenly, say during the last hour, then 
all the readings taken up till then re(]nire no correction. 

Levelling with Two Observers with One Fixed and One Movable 
Barometer. — If in the case above descrilji/d a barometer Iiad been 
fixed at the starting-point, aud an ns^istaut left there-, he would 
have observed at every hour, or at more frequent intervals, 
the pressure aud temperature of the atmosphere; and the sur- 
veyor would have been able to correct all his observations by 
the rise and fall of the barometer as read by his assistant. Thus, 
if at a.ni. the stationary barometer reads 80 inches, and if at 8 
it reads 20-95 ; and at KJ, •JUll ; at 1*^. ti9H.5 ; at 2 p.m., '2!t'!) ; at 
\t 29*95 ; and at 6, DO ; the surveyor will correct his barometric 
readings as follows: Suppose his reading at B a.m. was 2A, he 
will corrpcl it to 2JI'fli); if at 10 a.m. his reading was 2H*.50, he 
will correct it to 2860; if at noon bis reading was 28, he will 
correct it to 28'15 ; if at 2 p.m. his reading was 27'50, ho will 
correct it to 27'60 : if at 4 his reading was 2850, he will correct 
it to 28*55, and at 6 p.m. his reading will need no correction. 
For any intermediate observations be will make a correction un 
the assumption that the variaLlon of pressure has been going 
on at the sanit! rate between the hours observed. 

Levelling with Two Observers and Two Portable Barometert. — 
A still butter method of Icvelliug i:^ for the aMiihtunt to follow 
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the flurveyor on his route. Before stiirling, two barometers 
and thermometers are compared, and the watches of the sur- 
veyor and his assistant set to read the same time. The 
surveyor uov starts, and on reaching the station Trhoso altitude 
be desires to measare, he plants a stalT or makes a mark that 
can be easily recognized by his assistant ; the assistant, wbo 
remains at the starting-point, observes bis barometer, ther- 
mometer, and watch at the same time that the surveyor makes 
his observations ; if they are within sight, the time for reading 
can be fiicd by the waving of a flag; if they are not within 
sight, the time for reading must be made simultaneous in some 
other way : if the distance is not too great and the other con- 
ditions suitable, commnnication may bo made by the discharge 
of a gun, otherwise the readings must be t^ken at times agreed 
upon, the assistant always reading bis barometer at the stations 
left by his leader. In this way the obBcrrations of the pressnrc 
and temperature at the upper and lower of each pair of stations 
are recorded simultaneously, and the difference in level can 
therefore be calculated without regard to those changes in the 
atmospheric pressure or atmospheric teraperatore which might 
occur in the interval if the upper and lower readings woro not 
simaltanoous. " 

It may be difficult to eSect the readings of the two barometers 
in all cases simultaneously ; therefore, to prevent errors that 
might otherwise arise, the leader should fix main stations, say 
every qiiorter of an hour, so that the assistant will be at the 
last main station at the moment that the leader is recording his 
barometer at the advanced main station, the readings at the 
intermediate stations being taken at approximately the same 
time. In this way, as much accuracy is obtainable as can be 
expected from the instriimenta used, the care of the observers, 
and the accuracy of their calculations. 

Levelling with Three Barometers. — Where the difference in 
level of two stations is known, a baromeier may be fixed at each 
of these stations, and, the height being known, the density of the 
air can be calculated. With a third barometer, readings are 
taken at stations the altitudes of which are unknown, bnt which 
can be calculated from the known density of the air as recorded 
by the two barometers at the fixed stations ; thus, two barometers 
being observed, say every hour or ofteuer, any changes in the 
density of the air will be noticed, and the altitude of the other 



I 




LEVELLING. 



143 



I 
I 



Nations calcolatcd from the density ascertained at tlto hoar of 
reading. 

This method of levelling dispenges with the obBorvution for 
the temperature of the atmoBpliere or for the raoistnro of the 
atmosphere, and al»o with corrections for gradient, if the two 
base stations are in the vicinity of the new ettttions. This 
method of hypsometry is fully described in a very valaable paper 
by Mr. G. K. GUbert.* 

The rules adopted for the calculations are as follows : There 
lire three stations, lower, upper, and new, denoted by L, U, iind 
N. The height of U above L is found exactly by spirit- levelling, 
and constitutes the base B ; the height of the new station which 
is required is the height above the lower station ; this height is 
called A. Barometric readings are now taken at all t^ree 
stations, and the height of the base 6 may he calculated approxi- 
mately on the assumption that the iiir is dry and has u uniform 
temperature of 52' ; this approximate height is called h. The 
height of the new station A may also be calculated iirom the 
barometric readings on the Kiime assumption, and this approxi- 
mate height is called .1 ; then the actual height of the new 
station A may be fouud from the following rale of three sum ; 
Approximate height (ii) of the base-line : true height (B) of the 
base-line :: the approximate height (.4) of the new station : 

true height (A) of the new station; whence fs = V 

way ire find the true height (A) of the new station. 



In this 



I^t A represent the true height of the new station N above L. 
„ a „ uncorrected height of the new station 



N above L. 
barometric reading at the station L. 

4t t4 44 44 *"■ 



B rejtresents the actual height of the base; then — 

log I — log li 

This is vhat Mr. Gilbert calls the logarithmic term of the 

• Pnblbbcd in ttiH Kooud Auntul Report (ISSO-Sl) of tlie Uultad BUtei 
^flQlOgt«al Sntve)-. 
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formula, and be gives the following example : Barometric read- 
ing, station L, 29*879 ; station U, 23-336 ; station N, 27*475 ; 
altitude, B, 6989 feet. 

log I = log 29-871t = 1-4-53- 
log « = log 27-475 = 1-43894 
lop tt = log 23-33t; = I -36803 

log J - log w = 0-03643 
log Z - log u = 0-10734 

logO-03G4.T = -i-MHe 
log 0-10734 = 1-03076 

Diflcreiiw = 1-53070 
log \\ = log 69811 = 3-84441 

Sum (log «; = 3-37r)ll 
a = -23720 feet 

This result, however, has to be corrected by what Mr. Gilbert 
calls the thermic term ; and the full formula, as given by Mr. 
Gilbert, is as follows : — 

A (m English feet) = B ^---_ ^^- + -^^^ 



or — 



. ,- * s ij log / - log H , A(B - A 
A (m metres) = B , ■ , , - + ,\„„ , _ 
log / - loff H 149349 



log / - log 
in which last formula A is the correct height. 

In calculating the thermic term ^Q/vv»n ' -^ ^^7 ^^ taken 

as equal to a, the uncorrected height, to facilitate calculations, 
and it will be sufficiently near for most purposes. 
Applying this to the figures above given — - 

A(B - A) _ 2.S7-2(6989 - 2372) _ 
490()00 ~ ' 4m)0(M) ~ 

we get a correction of '22'4 feet to be added, making the total 
altitude A 2372 + 22-4 = 2394-4. 

Ill order to Have culculiiting this thermic term, Mr. Gilbert 
gives 11 table of its value for altitudes of A of 10,000 feet above 
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and r>0OU feet below tho lower Htaliou of the base, and for a 
Tertical base Tarying from I00f> to 10,000 feet.^ 

It must be noted that if A is ii vertical distance below U, it 

becomes a minns qiiuntitv in the forimila, and jonnhn' 
is equivaleut to ~ .mJvm — ; 1*°' tbe value of A as ascertained 

41HHKHI 

by loguntbmic term is hIso ti minus <iuantity, so that the thermic 
correction hua to be liddud. 

When the new elation is higher than the upper Htation. U, 
B — A becomes negative, and renders the thermic term negative, 
BO that the correction due to the thermic term has to be sub- 
tracted from the altitude calculated from the logarithmic 
term. 

If N islbelow U, the height ia minus, and the correction, being 
also minus, is added. 

\Miere minute accnraty is not reiinired, the thermic term 
may be disregarded, and the altitude calculated from the 

formula « = B , , ~ . . The correction for the thermic 

log / - log w 

term varies from up to about 2 per cent. When A and B are 
equal, and on tho same level, there is no correction, and the 
required correction increases as the difference between A and B 
increases. Tlius if B is KXK) feet and A is 100 feet above L, the 
correction is +02 feet, or \ per cent.; when A is 5iM) feet, the 
correction is 0'5 feet, or ,V, per cent. 

Temporatore of the Atmosphere. — This is diiUcult to ascertain, 
owing to the difficulty of placing the thermometer in a place free 
from the effects of radiation from hot or cold objects. Thus a 
thermometer placed in the shade at U a.m. near a north wall 
niight give the reading less than that due to the temperature of 
tho air owing to the coldness of the wall which had been cooled 
down during the night ; again, a thi-rmometer placed in the 
shade near to a south wall might give a reading higher 
than that of tho temperature of the air due to radiation from 
the wall which had beeu heated by the sun's rays. In the same 
way» a thormomoter placed in tho shade near to the ground 
may be cooled by mdiiition to the earth, which is cold owing to 
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the coolness of the nigbt, or the thermometer may be raisKi 
above the temperature of the air by the radiation from the 
enrtb, which Im^ been heated by ihe sun's rays. 

But the difficulty of obtaining the temperature of the air 
within 4 or 5 feet of the ground is by no means the only 
difficulty or the chief difficulty. What is really required is the 
temperature of the air above the ground for a height of several 
hundred or several thousand feet, and a surveyor walking along 
the surface of the ground has no chance of measuring this. 
Walking up a hillside (see Fig. 14*2>, the surveyor measures the 
temperature of the air within say 4 feet of the ground, the 
ground, having been greatly heated by the sun's rays, has 
warmed the an* ; the average temperature from A to B is say 
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65", while the average temperature A to C is unknown ; but 
this is the temperature which is really required. On a cloudy 
day aud on a windy ilay the temperature AB h likely to 
approximate to the temperature AC ; on a calm, bright day 
the temperature AC will be much less than the temperature 
AB. In clear weather the temperature of the ground during 
the sunshine is much greater than that of the air, and during 
the night is much colder than the air; but it is probable 
tliat tbe average temperature day aud ni<:;ht AB approximates 
to the average temperature day and uight AC. 

According to observations mode in Switzerland, and calcu- 
lations made by Plantamoiir, Riihlmann, and others, quoted 
by Mr. Gilbert, the avex-agc range of temperature in the body 
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of the air in Switzerland is, in summer, 4" F. between the 
early morning and noon, and in winter less than 2"^ F., whilst 
near to the ground the ninge of tomperatmo of the air varies 
from 10^ to 20'' at the scaehore, and from 20^ to 85- in the 
interior of coutincnta between the hottest and coolest periods 
of the daytime. 

It follows, therefore, that where there is a great variation 
in the atmospheric temperatare between the night and day, it 
would be better to take the mean temperature of the 24 hours 
than to take the temperatures obscrred in the daytime, though 
a more conect result would be obtained by making a correction 
for noon or sunrise, according to the figures above quoted for 
Switzerland. 

These corrections must be applied to the mean temperature 
of the air as ascertained by readings day and night ; thos. if 
the observations are made in January, and the moim tempera- 
ture of the air near the ground day and night is say 37*5", this 
might be taken as the temperature of the air at sunrise, and 
the temperature at noon as 39-5^ If the observations were 
taken in August, and the mean temperature of the air day and 
night were 625'', this temperature should be corrected by the 
addition of 4'' for observations made in the waimer part' of 
the day. 

The difference of altitude between stations A and B may, 
however, be taken by a series of readings, A, f^, </*, rf', ^P, '/*, and 
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80 on ; the height from A to J is say 100 feet, and it in evident 
that the temperature of the air in this stratum will more nearly 
approximate to the temperature of the air near the ground 




than will the temperature of the air in sliatum AC, wliieb is 
1000 feet Ligb. 

One method of obtaining the temperature of the air is given 
by Naiisen {I-'ii-it CroAsUuj »/ iint-nhml), who tied the ther- 
mometer to a Btring, uDd then whirled it m a circle in the air. 
thus forcing it into auch contact with numerous particles of air 
as to minimize the effect of riidiution either Trora the sun or 
from tjnow, and obtained with, great accuraej the temperature 
of the iiir, within say 8 feet of the ground. 

It is comparatively easy to ohtaiu the temperature of the 
air iu a luiue. It the surveyor proceeds nay '20 feet down the 
downcast shaft, where tliore is a rapid current of air, the effect 
of the sun's rays or of frosty skies will be but trifling; it 
thermometer held iu the air-current will probtibly give tla- 
temperature of the air, and the temperature of the sir here 
given will be approximately the temperature of the air outside 
in the sunshine. Assuming^ of couisc, that the velocity of the 
air is considerable, Bay 500 feet a minute or more, a thermo- 
meter held in the air will give approximately the tem[)6rature of 
the air, unless it is held iu view of a fire. 

The surveyor must be cautioned that, on the surface, the 
observation of the temperature of the air is the most difficult 
observation he has to make; as regards the temperature of the 
barometer there is no difticuUj'. 

Bule for calculating the Difference in Height of Two Stations 
from Barometric aad Thermometric Beadings. — Mr. Gribble gives 
a very convenient rule and a useful table of constants by which 
the surveyor can calculate the altitudes — 

H = difference uf ht-iglit in fttut between stations. 

S s sum of barometric readings. 

D = difference of barometric readings. 

K = a constant for uach degree of temperature from zero to 102**. 



H = 



K X D 
S 



As above said, K varies with ilie temperature of the air, that 
is to say, the average temperature of the column of air between 
the two stations. This average or mean temperature ^ is found 

■ In cue the varUtioQ of level is rapid and great, the rcadingi at eooh BUtkv 
■ra ■vertgtHl to giv*' llit> day and night liiupt^rstnroA, bo bb lo ^et the nal 
t«ii)pM<itiir>- nT tho nir colnma. 
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f temperature. Or again, if the lower reading is 50 ,■ reading 


one quarter of the way. W ; reading half of the way, -15' ; 


reading three (juaxtera of the way, 43' ; reading at the upper 
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station, 40' ; tlien the sum of the readings = /iO + 48'" 4- 
+ 4a' + 4n^ ss 22(1 ; this, divided by 5 = 45*2^", the average' 
temperature. In TaVle XIU. the column of mean temperature 
is the average temperature ao found. 

It will be (teen that the value of K varies from 48753 at 
(V F. to 605H5 at 102' F. This shows the importance of the 
temperature-readings; this, of course, is an extreme range. 
M 50" temperature the valae of K is 54553; at G0\ 55718. 
showing » variation of 2 per cent in the value of K for a 
change of KT. 

ExAUFLE. — If tlio barometric reading at Uic upper tttalion was 25'5 inciter 
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If we assume a mean temperature of 6U°, then H « 

s ; if D = 1 and S = 60, the upper reading being 29'5 

and the lower reading flOr>, then II = ?*gV^ « [K)n-21. Let 
UH assume that D = 1 and S = TiO, tliat is to say. that the upper 
station reads 2t», and the lower station 30, which is a very usual 
set of readings, then H = i',"./^ = 924*62. 
Or again — 



D= I 



i^^J^ - 814*22 

aVi" * 826-5G 

JL^a s: K38-27 

S^ = 895-92 

&^3 = H94-3I 

1^ = CKK)-21 

ujyia = <>^4*tVJ 
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= 57 4Y*a = ltt>707 

66 fij|J^ = 1174- Hi 

56 fi^ = &61-87 

IVi aj^Y^ = inn>2-l 

This table gives the difference in height corresponding to a 
difference of 1 inch in the barometric readings for a mean 
temperatore of 5l>' F. at diflferent altitudes. It will be seen 
that the less the pressure — that is to say, at great altitudes, 
1 inch of pressare represontn a much greater altitude than 
at great depths. The height due to a difference of pressure ol 
less than 1 inch can be easily calculated ; thus, if the difference 
in pressure is 1*4 inch, and the upper station is 2H*f> inches, 
\Te Lake the ultitade due to a difference of 1 inch of pressure 
between 2<J and 90 inches; then ,*(, of the altitude due to a 
difference of 1 inch between 28 and 20 Inches. To correct 
for temperature, if the temperature exceecla oO", we increase 
the altitude for every 1' F. above 50 , 'I per 1000, or 1 in 
GOO. Thus, if the altitude as calculated without the correc- 
tion for temperature was 500, and the temx>oratare was 
fonnd Lo be f>V, the real altitude would be 301; if the 
temperntnre were found to be (iO\ the real ultitade would be 

2 X 10 

500 + — ;, — = 510. If, on the other hand, the temperature 

shoold be found to be 49", the column mnst bo reduced by 2 per 
1000, so that a 500-feet column, as calcuhited without correc- 
tion for temperature, would be reitlly 401> ; if the temperature 
were 40*, the COO-feet column should be corrected to 490, and 
BO on. 

Measurement of Vertical Shafts. — The determination of the 
depth of a vertical shaft may be done in one of several ways. A 
rough way is to let a cord duwn the shaft ; holding the lower end 
at the bottom, pull it tight, mark the top of the shaft, then, 
drawing the cord to the surface, measure it; this is inaccorate, 
owing to the stretching of the cord and the contraction that may 
follow from wetting. 

A more accurate mode is to let a wire down the shaft, with a 
weight at the end. The wire should be unrolled from a barrel, 
and, as it is lowered, it should be measured on the surface ua 
convenient lengths uf say oO feet, the wire being stretched by 
the weight all the time. The wire should also be remeasured as 
it is rolled up. 
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AuotUtT method Ib to moaam'o the windiug-rope in con- 
veniout lengthH by mcaua of a steel tape or other accurate 
meastire as it is being wound up and lowered down. 

A fourth method in to measure the shaft-guidt's or other 
smooth continuous surface. If the guides are of wood, a nail 
may be driven iu at the surface and a chain or stool tape 
suspended ; at tht> bottom of the chain a second nail i^ driven iu, 
and the chain lowered down and suspended from this second 
nail. If the second nail is driven in just below the last ring, so 
that the end of the clinin just touches the tup of the nail, it is 
evident ihat from the top of the fiist nail to tlie top of the second 
nail will be the extreme length of the chain minns the thickness 
of the ring at the top end of the chain by which it is suspended. 
When the chain is suspended by the second nail, and a third 
nail driven in just below the chain, but so that the last Link can 
just touch it, it is evident that the length from the top of the 
second nail to the top of the third nail will be the length of the 
chain minus the thickness of the top ring of the chain by which 
it is suspended ; therefore, the length as recorded will be greater 
than the actual length by the thickness of this ring mnltiplied 
by the number of times the chain is suspended, therefore the 
recorded length must be reduced by that amount. If the chain 
or mcasiiriug-tape used is accurate, the measurement obtained 
in this way will be accurate. 

The measurement is facilitated by a contrivance described 
by Mr. B. II. Brough. At the length of a chain or other measure 
above the cage, a seat is fastened to the winding-rope, on which 
a miner can sit and hold the upper end of the chain or steel 
band to marks made on the guide. The cage having been 
lowered down the shaft the length of the measure, the surveyor 
applies the lower end of the chain to the guide, and marks the 
]>lacc carefully ; the cage is now lowered down the chain-length ; 
the miner holds the top end of the chain to the Srst mark, whilst 
the surveyor makes the second mark below ; this operation is 
repeated throughout the whole depth of the shaft. Inntead of a 
chain or tape, rods may be used. 

There should be no serious error in the measurement of a 
shaft, and with care a shaft 1000 feet iu depth may be measured 
with an *'rror of less than 1 inch. 

Measurements of Inclined Shafts, — AVbilfit the measurement 
of vertical shafts is thus simple and easy, the mcasnremeni of 
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tue depth of inclined shafts is often very tediouB, and resolves 
itself into a process of levelling with Btroight-edge and spirit- 
level (bco Fig. 144). In this case a straight-edge is fixed level 
by means of a prop of some kind. For accural; work the 
end of the straight-edge which is raised above the ground 
shoold be clamped to a verticftl rod when it has been carefully 
adjusted by the level ; from tlie end of the straigbt-cdgc a 
plumb-line is dropped to the ground, and, on some bar or mark 
tirmly fixed, the exact position of the centre of the plumb-line is 
marked with great care, and then the length from the straight- 



M 



Fm. li'l.— Slethod of niCRmrin^ inclitivd shartn. 



edge to the ground is measm'ed, the meaHurcment being taken 
to hundredths of an inch. The straight-edge is now lowerod 
and Used ou the mark made by the plumb-bob, and the opera- 
tion repeated. A set sriuare may be attached to one end of the 
straight-edge, and the vertical rod fixed against this, dispensing 
with a phimb-lini-. The vertical rod should have a scale marked 
on it, and it should be erected on a smooth stone, brick, or bar, 
on which the straight-edge can be placed afterwards, or has 
been placed previously. 

If the shaft twists, it must he surveyed, although tiie direction 
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is of DO importance for ascertaining the depth ; the straight-edge 
used being of a convenient length, the horizontal measurement 
of each set is known. A dial may be attached with clips to the 
straight-edge, and the bearing of each position noted. This, of 
course, can only be done in case there is no attraction, so that 
the loose needle can be used. 



CHAPTER XIII. 



COH8TIIUCTION OF PLAX«. 



As already stated, English mining plans ore generally diawn on 
large shectB of paper capable of containing the whole survey. 
The kind of paper used is that which is generally described by 
the makers as " best antitiuarian," and is mounted on brown 
liuUaiid. A sheet of tlie reiiuired size has freijuuntly to be made 
specially to order, and is prepared by pasting together a nnmber 
of sheets of the size made by the paper -mauufac tar er ; where 
one sheet joins another the edgtiH are pared down to a bevel, so 
that vhea the two edges are placed one over the other, the 
thickness is the same as one sheet; the two pieces are then 
united by a suitable paste. At the corners where four sheets 
join, great care has to be taken to make a sound junction 
without having a lump. A sheet of paper thus mounted should 
be made months, if not years, before it is wanted, the surveyor 
keeping a stock in his office in a chest in the centre of the 
room, that is to say, not against a wall which might be damp. 
Mounted plan-paper can also be obtained in rolls up to 81 
inches in width, and the length required for a plan cut off. The 
plan, when made, is rolled up aud put into a drawer when not 
in use. As dust generally tiuds its way into the drawers, it is 
necessary, to prevent dust from getting inside the roll, to cover 
the ends with paper. The pUin is often kept in a case of tinned 
iron painted on the outside, with a hinged lid and fastened with 
a padlock ; in this case the plan mtiy be safely carried without 
fear of injury ; without such a case the plan would soon get 
damaged in transport. If carefully used, the plan may serve 
for a generation without being much the worse. When tho 
plan is confided to the charge of assistants who do not feel 
the responsibility of the cost of replacing it, it is frequently 
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damaged by being bent over the edges of tables in Bucb a way aa 
to break tbe paper or fteum it with cracks ; it in soon made l^lack 
by being exposed to the dust, and by being rubbed with dlr^ 
articles. A plan when laid out on the table should be kept down 
by leaden weights covered with leather (usually wcighiuy al>out 
2 Iba), the edges of which arc rounded. The weights should be 
always dusted before using, and tbe table dusted before the 
plan is laid down. When working on the plan, it should be 
covered up with clean paper, except that part which has to be 
exposed for work, and if the draughtsman finds it necessary to 
rest his arms upon the paper, he should lay down a shetit of 
cleau paper underneath his arms or other portion of his body 
that may be pressing on the paper. 

In order to bring that part of the paper on which he is 
working within his reach, it is frequently necessary to draw the 
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plan near the edge of the table. For this purpose the table is 
titled ^vith a beading reaching to a depth of aay 3^ inches from 
the top, and the corner of tho edge planed ofT until the section 
of the edge with the beading below is a semicircle. If any 
segment of a circle less than a semicircle is used, tliere will be 
a sharp edge, and in bending the plan over that edge it may get 
injured. If tbe draughtsman luans against the plan drawn over 
the table, he will noon dirty and injure it; he must therefore 
cover up the plan at this port with paper or calico. 

Bruwiug-tables may be made with an outer bar, against 
which the draughtsman rests, as shown in Fig. 14;). 

HiBcellaneoaft Notes on tbe Preparation of Flani. — 'Vo make 
plain those parts of the plan from which tlic minerals have 
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sn extracted, it is tisual to colour it with water-coloors. 
Oolouring is apt to lead to shrinkage of the plan> and should 
therefore bo done ae Bpariugly as possible, although the sur- 
▼eyor must remember that colouring ui;iy be essential to the 
utility of the record. It may be in some cases axlvisable to keep 
B skeleton plau of the workiBf^s with no colouring, by which to 
preserve the accuracy of the main stations, and to correct from 



.i-^ 



;dy 



t^ 



^ 



0< 



^m' 



Fro. 146. — DeliotAtiui) of bDOdiiiffH, renoaa, r;tc. 

time to time the working plan, which has been distorted by 
colouring and comparntively rough iiHage. 

The odvnutage of a large phm, showing the relative position 
of all the different workings connected with one concern, is 
obvious, conveying forcibly and itt once the wholo situation to 
the mind of the eugiiieer ; on the other hand, tht: exact 
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distances and bearings can generally be better ascertained by 

cfilculaLions contained in the office siurvoy-book. 

Tbe Burvey is laid down in fine pencil-lines, and afterwards 
inked over; tbe surface is invariably 
drawn in Indian inh, walls^ baildings, 
hedges, etc., being indicated in the way 
shown in Fig. 14(i. 

Underground workings in the Mid- 
land Counties of England are generally 
inked in with pink lines (crimson lake) ; 
those parts from which tbe mineral hao 
been entirely excavated, washed lake ; 
faults are frequently shown with dotted 
linuB ; and other conventional 
symbols are shown in Fig. 147. It is 
sometimes convenient to indicate each 
year's, half-yoar'a, and quarter's survey 
by a diiTerent colour; at other times 
the written date and a shaded line are 
considered sufficient (see Fig. 148). If 
several seams of coal are shown upon 
the same plan, a diiTerent colour should 
be need for each seam, in which case 
the half-year's workings in each seam 
can be indicated only by the dates 
written on the plan. There most, of 
course, be a separate plan for each 
seam ; but it is very convenient to show 
all the workings also upon one general 
plan, to facilitate the true understand- 
ing of the situation. The north point 
Biiould be indicated by an arrow of an 
ornamental kind at one corner of the 
plan (see Fig. 148). This arrow is not 
to be used in plotting, but merol3' to 
indicate approximately the direction ; 
the real meridian line is represented by 
a long thin line drawn with tbe aid of a 
steel struight-odge across the plan. If 

it is the magnetic meridian, the date is written against it. 

Copying Flans. — Plans can be most easily and quickly copied 
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on tracing-paper or tracing-cloth. Tracing-paper is l!ie more 
pleasant to work on. bnt is easily torn ; tracing-olotb makes a 
permanent copy, but is 
liable to be much dis- 
torted by colonring. A 
cloth tracing, however, 
often makes a good 
working plan for rough 
osage, and is service- 
able, and when folded 
into a leathercasemaybe ^i 

carried about the mine. ««*!ajS!^^''"' ^"^^^^^"Si 

When the smooth or 
greasy nature of the huf* 
face makes it difficult 
to draw upon, a little 
prepared ox-gall mixed 
with the ink or colour 
obviates the difficulty ; 
powdered chalk also is 
sometimes useful when 
rubbed over the surface. 
Olais Table for tracing: 
throngh Thick Paper. — 
Plana drawn ou un- 
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mounted pajH'r may be traced on to drawing-paper, by placing 
the plan and the sheet on which it has to be traced upon a glass. 
In order to get the light through this glass, it should bo placed 
in a frame near a window, and light from below thrown upwards 
tbroagh the glass by a reflector; the reflector may be made 
either of looking-glass or of white paper. The surface of the 
paper on which the draughtsman is workmg should be shaded 
by a blind. If the work is done at night, a brilliant ilhimina- 
tiou of reflected gaslight can be used, or better still, electric 
lamps may be placed immediately under the glass. 

Transferring. — British mining plans being generally made on 

mounted paper, sulhcicnt light will not pass through to enable 

them to be traced on to thick paper, in which case they may be 

transferred. The usual practice is to make a tracing on thin 

k paper, then to place the tracing over the new mounted paper, 

I and, between, to place a transfer paper specially made of verj* 
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thin paper, one side of which is blackened with black lead. By 
means of a etcel point (style) and a dat ruler, a line line may be 
traced on to the paper below. Great caro is required in doing 
this. If a blunt point is used, the line transferred will' be too 
thick; if a fine point is need, it is apt to cut the tracing. If 
accidental pressure is pat on to the tracing-paper, a black mark 
is left ou the plan below, which may make the stirvey-IineB 
indistinct, tliongh it may afterwards be cleaned off. 

Pricking through. — Another method is to place the original 
plan over the new sheet of paper, carefully fasten it down with 
weights or drawing-pins, and then to prick through to the plan 
below, and subsequently join the prick-marks by pencil-lines. 
This method is very acoiirate, but requires great care in the 
subset^ueut pencilling in, which has to be done by the aid of 
continual reference to the original plan. 

Copying by Photography. — Architects and engineers reproduce 
copies of their iiians by tlie action of light on sensitized paper. 
A tracing of the drawing is made on very transparent tracing- 
paper or clotb (dead-black lines for the drawing, and vermilion 
or burnt sienna for dimension lines). The sensitized paper 
covered with the tracing is placed in a frame and exposed to the 
light; the point of sufticient exposure is indicated by various 
changes iu the colour of thv sensitized paper; the sensitized 
paper is then immersed in a bath (either of water or acid, 
depending on the procege used) and washed till the lines on the 
tracing appear upon the paper, owing to the circumstance that 
these lines have shielded thu paper from the action of the light. 
According to one process, the lines appear white on a blue ground ; 
by another process they appear black on a white ground. 

The sensitizing solution for the ferrotype or blue process, in 
which white lines are given on a blue ground, may be easily 
made as follows : — 

Solution A: Citrate of iron and ammonia, 100 grains; 
water, 1 ounce. 

Solution B; Red prussiate of potash, 70 grains; wftter 
1 ounce. 

These solutions will keep indefinitely before mixing, but after 
mixing they should be used at once or left in tlie dark. 

To prepare the paper, mix equal quantities of A and B. and 
apply to one aide of the paper with a fiponge. The sponge 
should be as full as it will hold of the solution, which should be 
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liberally applied to the paper for about two minutes. Then 
Kcjueeze out the sponge and wipo off all the solution from the 
surface of the paper, care being taken to uae the sponge lightly 
witltout abrading the surface. The paper, which is now of a 
bright yellow colour on the prepared side, should bo hnng up to 
dry in the dark. 

Beductioa and Enlargement of PlanB.— It is freijiiently neceHsary 
to enlarge or reduce a plan. It is not, as a role, advisable to 
make a plan on a large scale from an original [dan drawn on 
a small scale, because any error in the original [dan will he 
multiplied as much as the plan is enlarged, and an error im- 
perceptible on the small-scale plan may become important on 
the large-scale plan, therbfore a large-scale plan shouhl, as a 
general rule, be made from the original survey notes by replotting 
the survey on the required scale. In reducing a plan any errors 
in the original will bo also reduced. 

A common mode of reducing or enlarging a plan is to treat 
the original plan as if it were tlie works, mine, or estate, that 
had to be surveyed, and to make a survey of it by drawing 
triangles, measuring offsets, etc., and then reproducing these 
triftugles, offsets, etc., with the aid of a smaller scale oti another 
piece of paper. The surveying of the original plan, and the 
reduction, may be accomplished with the aid of two scales — say 
the original plan is on a scale of '1 chains to an inch, and the 
reduced plan is to be on the scale of cbains to an inch, then 
the lines are measured with the 2-chaiu scale, and plotted with 
the 0-chain scale. If the original survey notes are available, 
however, it would no doubt bo more accurate and expeditious to 
plot them afresh. 

Enlarging or Bedacing by Photography. — Another method of 
reducing and enlarging plans is by means of a lens and camera 
obscura. This may be done by tho ordinary process of photo- 
graphy. Thus, Buppotiing the plan to be G feet square, it might 
be photographed on to a plate 12" x 12", or of any other 
dimensions to suit the camera of the observer. 

If the size of the negative is too small for the required plan, 
an enlargement may be produt^ed by placing the negative in an 
enlarging camera, inside which is a lens which enlarges tho 
view and prints it on a larger piece of paper at the other end 
of the camera. 

This process of reduction by photography may be done with 
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fpreat accuracy U sufficient care is taken. It is essential tbat 
the plate on which the negative is formed should be parallel to 
the drawing which is being photographed, and it is desirable 
that the camera should be opposite to the centre of the plan. 
The lines on the plan to be photographed must not be too fine, 
otherwise the lines on the rcdacod plan become too thin to be 
clearly risible. A line ^tJ-n- inch in width is perfectly clear, but 
if that line were reduced by photography to one quarter of that 
width, it would be too tine for ordinary distinctness ; if, there- 
fore, it is proposed to reduce the plan to one quarter its original 
size, and if it i^ decided that the minimum thickness of lines 
on the reduced drawing should be ^jg inch, the lines on the 
original plan must not be less than -^ inch in thickness. 

The reduction or enlargement of plans by photography is not 
usually practised by the mining engineer, because the cost and 
trouble of procuring and arranging the apparatus is more than 
the saving in labour to be gained by the process. It is also 
necessary that the plan to be photographed should be all in 
black and white. The system, howerer, is suitable for the illus- 
tration of a report of which say a dozen or more copies are 
required. 

Pantagraph.— This instrument, Stanley's improved form of 
which is illustrated In Fig. 149, is used for the mechanical 
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copying of drawings, either upon the same scale or upon a 
reduced or enlarged scale. It consists of four arms jointed 
together in pairs. On one of these arms is a tracer, and on 
another a pencil-holder, and by means of scales engraved oi 
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the instrument the rolativo positions of these cau be so arranged 
that the figure drawu hy tlio pencil bears a definite proportion 
to that whii:h is followed round by the tracer. 

A similar inatrnment, called the eidograpb, illustrated in 
Fig. loO. is liaid to be superior to the panlagra^ib ; it is, 
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however, much more expensive, and for that reason aomo 
firms ' send the instrument out on hire for temporary purposes. 
Proportional Compaues. — Proportional compasses may be used 
instead of or in addition to the scales. These compasses, as 
shown in Fig. i^\, lonsiat of two straight bars pointed at each 
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end. Each of these bars is slotted to about two'tbirds of its 
length, a slide fits into each slot, and a pin with a milled head 
passes through both shdes ; each bar is graduated \\ith cross-lines 
marked from 1 up to 10. If the slide is fixed at 1. and the bars 
twisted round the centre pin, tbe points at each end will remain 
equidistant ; if the slide is fixed at 2, the points at one end will 
open twice as far as the points at the other end ; if the slide is 
fixed at 3, the points at one end will open three times aa far as 
the points at the other, and so on. Another side of the bar 
is gradnate<l I, I, l, and i; thus if the sUde is fixed at 1, the 

' Amongel othcn Ml-mtb. lUldon ftnd (*•)., K, .\|)ic!rt ft|UAK, Muutflmtcr. 
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will be rated into squares, mcasnrinf; J^ mch oa each side, and 
the paper for the (ichaiu plan iuto S'i|uares \ inch on each side ; 
or, if this latter size is found inconveniently Buiall, the 2-chain 
plan may be ruled into squares 1 inch on each side, and the 
ti'Chain plan into squares \ inch on each side. The plan may 
now be redaced by sketching with a fine-pointed pencil (see 
FiK. ir>2). 

In order to save the labour of rnling the squares, and also to 
avoid the disfigurement of the plan, tracing paper with sectional 
lines rnled in fine blue ink is sometimes used. The mode of 
reduction would he as follows : Over the *2-chain plan a tracing 
divided into 1-inch squares is placed; a tracing divided into 
Vincb squares is now placed over a piece of whitt? paper, and 
the reduced plan sketched on it by hand. The plan so made 
may be subsequently transferred to a piece of paper ; or, instead 
of that, the section lines for the reducfd plan may he rnled on 
the paper, and the sectional tracing-paper merely used for the 
large plan. 

For many purposes drawing-paper ruled with fine blue 
'^AMtional lines is exceti^dingly useful. This is not generally used 
for mining plans, partly owing to the disfigurement of the 
pajier by the sectional lines, and partly owing to the difficulty 
of procuring extreme accuracy in the ruling of these lines ; 
bat in many other cases this sectional paper is extremely 
convenient. 

The Opisometer (Fig. 158) is an instrument for roughly 
measuring distances on plans wliicb, owing to their sinuosities 
would require the expenditure of a great deal of time with an 
ordinary scale. It consists of a small wheel with a milled tdge, 
which revolves upon a screw for an axis. The screw moves 
through the arms which carry it, being propelled by the move- 
ment of the wheel, and a Hcale is attached, showing the distances 
corresponding to any movement of the screw. 

Belief Plans and Htne ModeU.^Models of mines, showing the 
configuration of the surface and the veins of minerals, or scama 
of coal, faults, etc., are very nseful and instructive, but are 
exceedingly expensive. They are chiefly used for educational 
pur[)08(-s, and for displaying in exhibitions and museums. In 
HO far, however, as they represent actual mines, they must l>e 
prepared from data which can all be put on to plans and 
sections; and the effect of a model can be given to a great 
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extent b; a skilfnily prepared drawing, the cost of which is 
inaignincani lu comparison \Titb the cost of a model. 

In the construction of a model, rocks ore generally repre- 
sented by wood, painted, to represent the different strata, seams 
of coal, or veins of mineral. If machinery 
is shown, this is also generally of wood, 
painted where necessary to represent 
iipi iron ; real brass may be used to repre- 
sent portions of the machinery made of 
that metal. Fig. 154 is prepai'cd &om a 
photograph of a model in the muHenm at 
South Kensington. 

Calculation of Area and ftnantity of 
Coal worked.— One of the most important 
nses of a mineral plan, particularly in 
oonueotion with collieries, is the calcula- 
tion of the extent of mineral got in cabic 
fe feet, cubic yards, cubic metres, or in 
I areas of square feet, square yards, square 
.1 metres, or acres and decimals, or acres, 
^ roods, and perches. 
« Hoyalty. — In Durham, Northumber- 
"! land, Wales, and other ports, the lessee 
ui of a colliery pays to the lessor a royalty, 
as it is called, of so much per ton. The 
derivation of Uie word "royalty" is pro- 
bably derived from the fact that the 
minerals, as also the land, in former dayH 
belonged to the king. In the United 
Kingdom, the land, and with the land the 
minerals, is now generally the property 
of private owners, such ownership being 
either absolute, as when the land is held 
in fee simple, or limited, as when the 
owner has only a life interest, having to 
transmit the estate to heirs. The owner 
of a life interest of an estate, while the 
law does not permit him to destroy the surface for his own 
immediate gain, Is permitted to get, or grant to others a licence 
to get, as much of the mineral as be can during bis lifetime. 
The term of a mineral lease granted on an entailed estate 
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cannot exceed 60 years, except by special leave of tbe Conrt of 
Chaneory. 

The mmeralfl reserved to the British Crowu at the present 
time are only gold and silver, and those lying nndemeatb 
Cronti lands, as, for instance, the coal and ironstone in the 
Forest of Dean; the tin, lead, and copi>er in the Duohy of 
Cornwall; the minerals in the Duchy of Lancaster; and the 
minerals underlying the foreshore on our hca-coasts, that is to 
nay, the minerals underlying that portion of the coast which \» 
covered by the tide, and extends to a diBtance of three miles 
from the shore, except in cases—as, for instance, the estuary 
of the Kiver Dee — where the king has made a grant of these 
minerals to a subject. 

This royalty is often a fixed sum, as, say (w/. a ton, or In. Ad. 
per chaldron (a chaldron being f>d ewt.) ; or it may be one price 
on large coal and another price on small coal, say &/. per ton 
on lumps that pass over a screen, the bars of which are 1 inch 
apart, and 3</. a ton on the slack which falls through these bars. 
In some diatricts, as, for instance, in North Staffordshire and 
North Wales, the royalty is a fixed proportion of the total valoe 
of the mineral sold, as, for instance, one-eighth, one-tenth, one- 
twelfth, etc. In other parts of the country, as, for instance, in 
Yorkshire. Derbyshire, Nottinghamshire, Leicestershire, War- 
wickshire, etc, an acreage royalty is paid, tlie royalty being, 
say £KK) an acre on each seam. If several minerals are worked 
together in one working, as, for instance, ironstone, coal, and 
fire-clay, there will be a separate royalty on each, say £50 an 
acre on the ironstone, f.'iO an acre on tbe coal, and £dO an 
acre on the fire-clay. Sometimes the royalty is so much per 
acre for a given thickness of coal, say £30 per acre i%r foot 
thick, £0 that if the seam were ij feet thick, the royalty would 
be £150 per acre, the thickness of t}ie Kefini being ascertained 
each time the mine is surveyed. 

Heasuring Acreage by Division into Triangles. — In calculating 
the area got, the ordinary process ih as follows : The area of 
coal to be measured (which may represent the whole extent that 
liftH been worked, or only the area got in one half-year) is divided 
into trapeziums and triangles, the edges of the area being 
straightened by give-and-take lines ; the trapezinme are divided 
into triangles by diagonals, and from the apex of each triangle 
of the base a perpendicular is let fall (see Fig. l.^'i). Each of 
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tbe trinnglcs and trapeziums is numbered 1, '2, :i,etc., the base of 
each triangle ia measured, the diagonal of a trapezium forming 
the base of two triangles; the p6q>eudicular of each triangle 
IB also meaBured. Tlie area is equal to the base multiplied by 
the perpendicular divided by *2. Tlie area of a trapezium is equal 
to the diagonal mnltipUed by the sum of the two perpendiculars 
divided by 2. Thus, referring to the figure, the area of 
triangle Mo. 1 is equal to 1000 (the base) X 200 (tbe perpen- 
dicular) -^ 2 = lOOJKW ; and the area of No. 2, which is a trap 
pezium, is equal to 1000 (the diagonal) X ISO + 200 (tbe 
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arpeudicnlars) -r 2 = 17H.(HI0 ; therefore the sum of tbe areas 
1 and 2 = 10t»,000 + ITM.OOO = 278,000. If the meaBurements 
are in links, we thns have an area of 278,000 sq. links. 

The area of un acre is lOU.OOO sq. links, bo that to turn 
the Btiuaru links into iicrcs we mnst divide by 100,000. The 
process of divhiion by 100,000 is exceedingly easy, cunsiBting in 
aimply putting the decimal point before the fifth figure from the 
right-baud end of the number; thus, in dividing 278,000 by 
100,000, we put tbe decimal point before the 7, which is tbe fifth 
figure from the right-baud end of the number, and we have the 
answer 2*78000 acres. To turn 278 acres into acres, roods, and 
l)erches, we multiply the decimal part by the number of roods in 
an acre; there are 4 roods in uu acre, so we multiply 0'78by-l, 
and the result is 3*12 roods. To turn the decimal of a rood into 
perches we must multiply by the number of perches tbcro are in 
n roo<l, which is 40; 012 x 40 = 4-8; therefore the number of 
perches is 4*8 ; the total acreage is therefore 2 acres S roods 
1*8 perches. It is, perhaps, mainly on account of the ease with 
which square links can be reduced to acres that the use of the 
UHl'link chain is bo popular with mining surveyors. 
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If the foot chain were used, thc-n tbe iiren tnejuiuremenfs 
might hare to be culculated in square feet To reduce square 
feet to acres, they mast be divided by 43,560, the number of 
square feet in an acre. 

It must, however, l>e l>ome in mind that, in the scaling of 
the plan, it is inuuaterial whether it has been made by the 
measurement of links or of foet, because the measurements can 
be taken off the plau by means of a scale of links, even thougb it 
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was plotted from a scale of feet, jost as the engineer ciin take 
from a plan plotted from measurements in links any distance he 
desires in feet by a scale prepared with that object. Scales are 
often made to read foot on one side and links on the other. 

In order to avoid scoring a plan with soaling-lines, it is ut^ual 
to place a piece of tracing-pupcr over the jilan, and to make a 
very careful tracing with tine lines of the areas to be measured. 



CONSTKVCTJOA- OF PLANS. 



a?! 



and u[>on this to draw, with a fine-pointed pencil, give-and-take 
and dividing lineB, and then to ink Ibestt in, writing upon them 
the meaBurements. These BcaUng tracings are copied in a book, 
and form a uscfnl and pcrmaaent record of all the measurc- 
mente made. The advantages i>f this system of measurement 
for the pnrpoBes of reference, and the ease with which the 
scalingB and calculations can be checked by iissistants, commend 
the system so strongly to the practical surveyor that it ia likely 
to hold its own as long as the system of acreage royalties prevails. 

The method of scaling up an area of coal worked is shown 
more fully in Fig. 155a. The triangles and trapeziums into 
which the area ia divided are numbered 1, 2, 3, etc.; and tlie 
lengths of the base and perpendiculars are marked on the lines. 

The entry in the scaliug-hook for this area wouhl bo as 
follows : — 
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Scaiing (if Freehold Coat workvl tluring the Ihlf-ytar 
ending Junv SO, 1900. 

(1) 400 X ISO ~ 60000 

(2) 415 X (l£»f) + i40) = 17R4r.O 

(3) 440 X (138 + UI8) = 147^0 

(4) 450 X (lai + 110) = Ii1*>KI 

(5) 420 X (2(1 + I7H) = rtaiCO 



■i)urAm 

3««725 
Deduct fknlty co«l (340 x 2il) = iWtiO 

4 



3-i7700 
40 



now MX* 



U perches at ilw \av acn- 

2 MrM at £100 per iicrc 

3 roods at £:f5 fHT rotxl 

11 [wrclioe at Vis. (!</. per |>ercli 
WA 



£ «. rf. 

300 

75 

C 17 C 

1 U 



£-J31 18 ii 



The above is the usual way of getting out acroagoa and 
royalUcSf hnt it is evident tliat a better and quicker way is to 
take the acres and decimals thus— 



272 



MINE SCRV EYING, 



'_'-ei3'J5 (icrcH at £H>0 jwr acrw 






IS-610 
12 



m\ i6>. 6d. 



Statute Acre and other Acres.— TLe term ** acre," as applied to 
the measiuoment of land, is generally understood to refer to the 
htatute acre of 1*>0 perches, which was established by law about 
tlie thirteenth century. There are, however, different acres in 
various parts of this country (see Table XIV.), but the use of 
these varying measures is rapidly giving way to the statute 
acre, and they will soon be quite obsolete. 

TADLE XIY." 
List or Various Acres. 



I StAtuto ALTu L'urilaine 
I Scotch acre coiitiiinit 



I WcWi 
1 Comwl) 



J840 «!■ yird.^ 
4;i50-4 

him 



(48 Scotcli Bcree equal nouiy 61 

statute ttCTea) 
tI(K) triKl) acroM ara itetriy equal 

to 162 ittalntc acrv«) 
(gometimes calleil " ltw ") 
(ofjufvftlcnt to nboiil 1*1!) tttatiils 

acre) 
[equivalent to about 0477 staliiU- 

acre) 
(equivalent to about 1 -S!*? ntaiuip 

acre) 
(oquivatcut (o about 21 \h 4tnliiU> 

acres) 
(eqniTftleiit to about I 613 titatuli! 

acre) 

Flanimeter. — For the rupid measurement of numerous are&s 
witli ainuons boundary- lines, Amsler's planimeter is of great 
use to the surveyor. By means of this instrument, shown 
iu Fig. 156, the area of any given figure is uieaaured in square 
inches ; the area so obtained can bo converted into square 
chains by simple multipliriitiou. Thus if the area measured is 
6 sq. inches, and the scale of the plan is 1 chain to an inch, 

' The autUortty Tor tnoit of tbcao fifforea In tbe Ccnlnr}- Diotlonar;. rvceoUjr 
|iii))lUfai'(l bj tlie Timet, London. 
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tt^area la G sq. cltAiiis ; if Iho plan is on a 2-chain BCiile, 
tliu area is four times as great, bcctiUHe each nquarc inch 
contains \ aq. cbains, therefore the G sq. inches i-epresent 24 
Bq. chains ; if the scale of the plan is 3 chains, then each 
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Fio. 15A.— Amilar'B ihlHnimeter. 
(Cfltrftjr teni ly dntrt. W. f. Jihiof^y tin^l Op., UA.) 

square inch contains 9 sq. chains* and the H gq. inches con- 
tidn 54 sq. cbains : 10 sq. chains equal an acre ; therefore the 
area, as ineasnred in Sfjuare chains, if iKvided by 10, gives the 
area in acres and decimals of an aero. 

jRm/^.— Let X = area in square inches, Y — nnmher of chains 
per inch of scale, Z = area iu sqaaro chains. Then Z = X x Y^. 

KxAMrLK. — r<cl the aroa nieastircfl in nqiinre inclios (X) be 5-64 ; lot the Hcalv 
of Uk< {titkn be 3 cbainft to an inch, or Y = 3; tlmn i1k> area (Z) = 5-tH x 3' 
= SOVC; tbo acreage = 60'7fi + 10 = SOTG. T" write the docimal portion domi 
in roods and pcrcbos, we mii1ti|itv by 4 fur roo<li4, giving 0-304 uraroud ; to ttini 
ttiin d«-*cirual iiitu perrboK. w» riiiiEliiily by 40, giving 12'!^ ; tlio aiva Is therefore 
U acres roods I2'1G pcn:bcs. 

The method of working the plaiiimeter is to fix one arm with 
a weight, and to move the pointer at the end of the other arm 
romid the hoondary of the plot ; the number of square inches 
is then shown on a scale marked on a revolving drum. The 
accuracy of the work done with this planimetor is more than equal 
to that of nrdinaty Rcaling, and the method is much quicker. 

Btaug Flauimeter. — Au exceedingly' simple iiiHlruiuent for 
measuring areas is the Stung planiineter made l>y Knudsen, of 
Copenhagen. This instrnment is shown in Fig. 157. It will 
be seen that it consists of a light metal rod supported on two 
one leg ends in u Gne point, ibe other ends in a narrow 
edge about \ inch wido tike the edge of a small axe. 

Ooodmui's Flanimeter. — The above instrument has been 
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modilieil by Piofessor John Goodmau, by eugrftviiig on the bar a 
scale by nbicli the area measured can be road witliont calculation. 
This scale constitutes the difference between the Goodman and 
the Stang planioicters. 

The metbod of using the inRtrument is tbns deacribed by 
Professor Goodman : "Cboose a point A (see Fig. 158), as near 
thft centre of the tigure as can be judged by eye, and from it 
draw a line AB to the boundarv. Hold the tracing-leg of tbe 
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instrnment in tbc right hand, placing the point at A and the 
hatchet at X — i.e. with the iuatrumcut roughly square with AB — 
and press the hatcbet in order to make a slight dent in the paper 
lit X ; then, the Hnger hiwing been removed from the hatchet. 
the traciug-point of the instrument is caused to traverse the line 
AB and the boundary in thf dirt-clion indicated by the arrows, 
returning to A ria AB, when it will be found that the hatchet 
has taken u]) a new position, and it must bo again lightly pressed 
in order to make n fresh dentin the pajter at Y (Fig. 158). The 
instrument being held in this punition, revolve the paper on 
which the figure is drawn through about 180" (by eje). using the 
point of th<! instrument as a centre, and taking care that neither 
the point nor the hatcbet Rhifts while Uie paper is being turned. 
The Hue AB will again bo roughly at right angles to the axis of 
the instrument, but in a reversed position (see dotted figure, 
Fig. IftH). Now cause the tracing-point to traverse tlie boundary 
as before, but in the opposite direction, as indicated by the 
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dotted arrows. The batchet will take np the new position X„ 
which may or may not coincide with X ; then, the mean of XY 
and XiY measured on the itcale enrfrttvetl on the instrnwent is the 
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area of the Jiffure ; this can be readily read off by pricking a 
central point, as shown between X and X, by eye. When it is 
inconvenient to tarn the paper round, the instrument itself may 
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be torned round to form a dent, X„ on the oppnnite side of Iho 
Bgurc, AS sbown on tlic rif;bi-band side of Fig. 158. Then, by 
following Ihe boundary in the direction of the arrows, Y, is 
obtained. The area is the mean of the lengths XY and XiYi 



moaBurcd off on the scale as before, or the area = 



_ XY + x,y, 



2 



" When the area is large, the itietrnment will move through a 
large angle, and consequently, if approximntcly square witb AB 
at starting, it will be a long way out at the tini^k. In such a 
case all that i» necessary is to see that the mean position of the 
instrument is sqaarewith AB." 

Professor Goodman consirlers that hia plauimeter is quite 
accurate ; in comparing it, however, witli Amsler's planinieter, 
ho would liken Iiis to an ordinary foot rule, and Amsler's to a 
carefully made vernier reading- gauge. 

Area- computing Scale. — Mr. W, F. Stanley makes a useful 
scale for computing areas. Tbe scale and method of nsing it 
can be explained on reference to Fig, 158a. The area to be 
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measured is covered with a sheet of transparent paper on which 
parallel lines are ruled, the distance between those lines h^^lng 
equal to 1 cbain on the scale of the plan ; thus, if the scale is 
2 chains, the lineH will be half an inch apart. 
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Tlie scale bas a Bliflin<^ frame, a, nttjiclicd 
to it, across n-hich is stretcliod ti fine wire, '*, 
and under the wire is a [lointer, c 

The pointer is pat at on t!ie scale, and 
the wire is then placed over the point A on 
the figure to be scaled, and the slide moved 
to B. Thu scale is tlien movod ho that the 
wire is over the point C and the slide moved 
to O, and so on to the bottom of the ilgurc. 
The reading of the pointer on the scale gives 
the rtcreage. 

Slide Bale. — In the calculation of areas 
and of many other figures required by the 
surveyor, the slide rule (shown iu Fig. 150) is 
of great use. By means of this instrument, 
calculations can be rapidly accomphshed 
without any strain on the head, the detection 
and elimination of errors being achieved by 
repetition of the calculations by several per- 
sons. P'or the method of using the slide 
rule, the reader is referred to one of the 
numerous treatises on the subject.' 

ProfBswr Fuller's Calculating Slide Bule. 
— This form of culculating machine (shown 
in Fig. 160), which is said to he the simplest 
yet made, is found to facilitate very greatly 
the numerous ariibmetical calculations re- 
quired iu the ofBce of the engineer, architect, 
and actuary.' 

Us range is greater than most arithme- 
tical machines, as, besideB the oi)eiations of 
multiplication and division which many iu- 
struments can only perform, results recjuiring 
the reciprocals, powers, roota, or logarithms 
of numbers can be quickly and easily obtained 
by its use. 

' "The Sltilu Buto,'' ^ C'lurloi N. Ptokworth, WLit. 
Soh , ptiM 2«. : "Tho r^liile Utile, tU PrinoiplM aad Appli- 
oulMJiw," liy John W. Niutailh, price S». t!<'. 

■ K<^ fiiimiililct Ity I*rofi»iior Oeorgs Fallor, on Iho 
Sptrnl tilidu Rulv. pul^lMlittl bjr B. tiiiil F. Spun, Luodun- 
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Fio. 159.— Slitlc rule. 
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The rale eongista T>f a rylinder, d. tbftt can be moved np and 
dowii upon, and tnrned round, an axis, /, vbicb is beld by ft 
bandle, t. Upon tbis cylinder is woand in a spiral a single 
logahtbmic scale. Fixed to the bandle is au index, /'. Two 
otber indices, r and a, wbosc disiance apart is tbe axial length 
of tbe complete spiral, arc fixed to tbe cylinder p. This cylinder 
slides in /like a tdescope tube, and thus enables tbe operator 
to place these indices in any required position relative to li. 
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Fig. 1 6C* — Pulkr'i dUc rale. 
irtoHyfamf fty Jfcnn. If. X. AnOrr ntf Ch^ IM.^ 

Two stops ore so fixed that vben they are brooght in contact, 
tbe index // [loints to tbe commencement of tbe scale, n and m 
are two scaleti, the one on the movable index n, tbe other tm 
tbe cylinder d. 

The use of slide rales has been confined to roogfaly approxi- 
mate calcnlations, as tbe lengtli of scale hitherto made was 
sufficient only for about 1(30 divisions. In the new rale above 
shown tbe length of scale is ~)00 inches, and the number of 
dinsions 72nO ; consequently, tbe approximation obtained by 
its use is sufficient for most of the calcalations required by 
engineers. 



MKABUIIB31ENT OK UlNERAL TOSNAtiBS— CALCULATION OP CONTENTS 
OF PIT-HILL8 — CALCUI^ATION OP EAIITHWOHK, KTC. 

Calcolatiou of TDimag:e8. — To calculate the touiiagc of coal 
contained in any given iicreage, it ia uecesBftry to know the 
specific gravity of the coal and the average thiclmess of the 
Beam. 

Specific Gravity. — Hy *' Bpecifio gravity" is meant the ratio 
of the weight of any substance to that of a Btaiulunl Bubstanco 
(naually i>ure distilled water). 

The specific gravity of any solid which is not soluble in 
water may he found as follows : — 

Weigh the body in air, then in piu*e diatilled water. Then — 

.r. ., _ weight i" ai r 

^ ^ ~ weight in nir - weight in water 

If the sobstance is lighter than waler, a known weight 
is attached to it to cause it to sink, which is aftt^rwards 
deducted. 

Knowing the weiglit of the sttLudard (water), we can find the 
weight of the Hubstanc*.' if wc know its specific' gravity. Thus, 
if the specific gravity of a certain coal ia I'Jt, the weight of n 
cubic foot may be calculatt-d. The specific gravity of water is 
1, and the weight of a cubic foot i» r>2'r> Ibn. ; tlie calculation 
will therefore be as followa : — 

1:1-3:: 62'fi : 81*26 

Weight of a cubic foot of coal whose specific gravity is 1*3. 
81-25 lbs. 

Table XV. shows the specific gravity of various coals and 
other substances, and the authority :— 
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TAULE XV. 
Smtoio OiUTtnBB or VARiotm ScMrjutcn. 
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Tho ordinary coal of thifj country weigliH from 78 lbs. to 
82 lbs. a cubic foot : HO lbs. may l»c taken as an approumafce 
average (or sjiociGc gravity = 1"28). 

It ifi usual to calculate lUo weight of coal per foot thick per 
acre; thus au acre coutainu 4B40 Hq. yard8» or 43,i)n0 sq. feet. 
At a foot tbiek, 1 acre contains -13,5^0 cub. feet, whicli, at 80 lbs. 
to tbe cubic foot, weigh tJ, 184,800 lbs., or about 1555 tona. 
Probably no coal in this country weighs lesB than 1500 tons per 
foot thick pur acre, nud very few RcaoiB, except anthracite, reach 
1600 tons per foot thick per acre ; 1550 tons may be taken as 
an approximate average weigbt. Having fixed on tbe weight 
per foot thick per acre, it is a simple matter lo multiply this by 
the average tbickne»H of tlie seam in feet and decimals ; thus, 
if the coal averages 4 feet 8 inches in thickness, the weight per 
acre is say 1550 tons x IGO, or 7233 tons. 

Produce of Coal Beams. — Owing to loss in working, the 
tonnage of coal obtained per acre is, of course, less than tbe 
actual tonnage existent; a very usual figiu-c taken to represent 
the actual produce of coal is 1 10 tons per inch per acre. Thus, 
if tbe thickness of the seam is 5 feet, tbe produce will be 



1 10 X fi^> = (i(J0O tons per acre. 
exi&Ling per acre, supposing it to 



The actual weight 
be of the average 



coal 
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gravitv, will b« 1550 x 5 » 7750; thus the allowauco for wasto 
in working i» this case is j«st under 15 per cent. 

Increase of Area or TMokneu dae to Inclination. — When the 
acreage of coal is meaaured olT h plan, it is uttet'tisary, in order 
tbat the correct tonnage may bo found, that the thickncKH t>f 
the coal should be measured on a lino perpendicnlar to tlie 
plan, tbnl is to say, on a vertical line. If the soanj is inclined, 
the thickness measured on a verlii'iil line will bu greater than 
the thickness as measured at right angles from roof to floor. 
If, therefore, the thiekuesa of the scam as given is a mcastire- 
ment at right angles i-o the dip, it will be necessary to increase 
the thickucee to that given by the mea»uromenl of a vertical 
line through the coal. The proper increase in thickness can be 
ascertained frum a drawing on a largo scale (see. Fig. 1<>1). A 
horizontal line is shown, 
and the seam is drawn 
according to the angle 
of inclination, say *25 , 
and is plotted to ibo 
ihieknesa measured, -i 
feel ; u vertical line is 
now drawn, and the 
thicknesa of the coal on 
this line can be scaled. 

Instead of making 
this drawing, the tliick- 
neas on the vertical line 
can be muretjuickly and 
accurately calculated. It will be seen from the figure that if 
the horizontal line is treuted as the length of the radius of an 
arc, the inclined line (of which the horizontal line is the plan) 
is equal to Ibo secant. In the same way, if the thickness of the 
seam measured at right angles to the dip is treated as the 
radius of an arc, the secant of that arc is equal to the thickneaa 
of the seam measured ou a vertical line. 

Assuming the inclination of the seam tu Ije 25^", and radius 
1. the accant is M03877rt, or say l-103a«; this, multiplied by 
4, gives the thickness of the coal in a vertical line. The 
tonnage of coal under any borizoiitnlly measured area is then 
found by multiplying it by this increased thickness in inches, 
ihe tons weight per inch. The same result is arrived at if. 
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instead ot inoreasiDg the thickness, tb&k is taken aa measored 
at right an^eR to the dip, aad the aereage is increased from 
tbnt measured on the plan tu that which might be measured 
OD the slope ; the increase of measnrement will be in the ratio 
of the radios to the secant. Thus, if the aereftge on the pl»Q 
was lUO, tlie acreage of n seam of coal lying at an inclination of 
2r»^ will 1)6 found as follows : — 

1 : l*H>3»K;:liXt : lUI-iWH 

Increased acreage 110-338. 

The shape of the figure from which the acreage is scaled 
is immnteriiil afl long nn the whole acreage is on the same 
inclination. 

Increase of Tocaage due to IncliaatioiL — In case the tonnage 
has ht-'eii calculated from the thickiieKB uf the seam as measured 
at right angles to the dip and from the area on the plan, the 
increase of tonnage due to the dii> can lio calculated by increasing 
the tonnage in the same ratio as the secant of the angle of 
inclination is greater thnii the radius ; thus, if the tonnage 
calculated \^ KXK). then, to allow for the increased tonnage due 
to a dip of *!'> , we have the following sum : — 

1 : MO«rtH :: lOiM) : llOM-SM 

Incniased toniinge, llOd'HH. 

The calculation of tonnages extracted from veins or i>oekels 
(»f ore or quarries and uaudpits Ih much less simple, owing to 
the irregular shape of the excavation, and a number of longi- 
tudinal and transverse sections are often necessary for accurate 
calculations. 

Calculation of Couteuts of Cuttings and Embankments. — The 
contents of a cutting may be calculated from the average width, 
depth, and length. The (luantity is generally given in cubic 
yards ; if the calculation jh made in feet, the sum must be 
divided by 27 to give the result in cubic yards. 

Fig. lt)'2, <i, shows a cutting in section, from which it will be 
seen that the average depth of the cutting i^ ascertained from 
the meaKurenient of the depth in six equidistant lengths of cross- 
section, measuring respectively 3, 9, 12, 12, '.), :J, the sura of 
which, divided by (i, gives the average depth as 8 feet. The 
total width of the cutting is fiO feet, and the area of the crosa- 
seciiun is therefore 00 x H — 480 sq. feet, and if the length is 
100 feet, the cubical contents are -IflO x ItiO = IH.IKK) cub. feet. 
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!u ease the cutting varien in set-lion, measurements roust be 
taken to ascertain the average area of the cross-sectiou. Thus, 
referring to Fig. l(i*J, h, a cross -eoction is wbown of which thu 
average width is 40 feet anil tlie average depth I'S feet ; the an-a 
of the cross-section is therefore 10 x 4*5 = 180 sq. feet. \i the 
distance b<,»tween « and /' is say 100 feet, and ihr rlxuine uf sa-tum 
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Fw. 163. — rnloulntiuD ul'viu-thwurk. 

i« ff^jiiiar and ffrwlual, the average widtii of the top of the 
cutting will he '*0 feet, and the average depth at the centre will 
be \i fett. The area of a croMS-sectiou midway between n and b 
will thus be ('20 x 9) + (15 X 9) = 3ir> kq. feet. The rubic 
contents may then be found by the prismoidnl formulte.' 

Prismoidal Formuls. — ^Let A,, A^, Aj be the areas of three 
sections at etiual distances apart, then the volume of ihe portion 

between A, and Aj will be V = ' "" ' ^ r/, where d is the 

distauce between A| and A;,. In the case above taken — 

V = '«9 +_y X,81:'l+ 1«« X 10.) = 3-2.000 cub. feet 

b 

Where the cross-slope of the ground is uonsiderahk-, and the 
depths of the cutting diflfer widely, cross -sections must be taken 
at each place, and the areas calculated independently ; and tht- 
cubic contents should then bu calculated by the prisiuoidul 
formula. 

iirUral _ 
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Fio. 163.— Cftlcultttiuuufoiirlliwork. 



Tho following formuhe may also be used in the measure- 

' ff tbe oootnl cruas-section liad been multiplied bj tho length , it vould give 
'Hm oonttnta m SI^'iiH) cub. ft-ut, »t williiu 'i p(>r cent, df thi- rwl quuititjr. 
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jnentoJ earlliworka.' Ueferring to Fig. lf>ft, H and )\ arc heights 
of section iu feet at each end of a length / in feet; V is the 
sum of the areas of the two slopes at one end ; r is the sum of 
thu arcaK of the two bIo^ks at the other end ; and e is width 
of base of cutting. The slopes are calculated as the frustum ■oK 
a pyramid, the centre as that of a wcdgo. 

li = cubic contents of both slopes = ^(V + \^Sc + r) x / 
1) = cubic contents of central part = 1(^1 + /')*' ^ ' 
C = total cubic contents of length I in feet = B + U 

If the transverse section is on a slop© instead of horizontal, 
as in Fig. 164, the two slopes must bo calculated separatelv. 
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PiQ. ItM. — t^loQlation of aideloag grooDd. 

A and A| are the areas of slopes at one end, and a, a, at the 
other. 

Then 13 = .^A + v/Aa + a)l + i(\, + v/A,«, + a,)l 
l) = i(H+/Ocxi 
C = as before (D + D) 

Earthwork tables are published which arc designed to make 
the calculations shorter.^ They are all based un similar formulffi 
to the above. 

* Itoyicl En'fuait^r*' Aulr. jVrmotrv Pitckrt-bonk. 

* "iliiuJ; auiioml Kartliwork Tubltid," by L U. Wntsoa Buck (CrMb; Ijoek' 
WimhI iiiul Son, L'luiloii). I'rioo S<. Set. 

" Kuttiwork TablM," bjr Joeopb Broatlbeut (Croabjr Lockwood aud Son, Ltindon) 
Pricu fi«. 

"Kartliwotk: A Melliod of calculating; th« ('abin Content* of ExcaTationit ami 
EiuboiikiaeiiU by tbo aid nf Diattnuns," by J. ('. Trautwiac, U.K. (E. ami F. Spon, 
Lotiduii). Frloo 8«. Gd. not 

"•' I'^irlliwurk : Diagrams for tUo Graphic Calculation of ICartliwork Quaotititit," 
l>> Alfred Henry RoboiU, C.E. (K. aud F. Sjinn, Irfiiidoa) Vriaa 10*. Gil. not. - 

" Biirtbwork TnbU-s," by W. Mitcgrogor (E. and F. Spon, LooJon >. i'rice Ga. 

"Karthwork Tabka," by David CnnningUaiu, C.E. (E. and F. Spou, I^udon). 
Price Uh-tiit. 

" 'l'ubl*M sbowiii;; U><i ConU-Dta of Excaratiiins, Areiia of filt^fHi), ulc," by Qcorgv 
r. Biddui (i^ubUvbird by Vacticr uiiU Buns. WMtmiotter). L'rice 2*. 
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The calculation of the contents of emhankmnntfl is similar 
to that of cuttings. 

Restoration of Damaged Land. — When a mine is abandoned, it 
is often neceBsary to restore the lanii to an figricnltural condi- 
tion, and, if there are heaps of shale or other waste, tliey mwst 
be levelled and covered with soil The soil from under this heap 
will proLahly have been reraovvd before the heap was tipped, 
and will now be available ; if not. it mifiht be neccKsary to incur 
the increased expense of removing the Bhalc-heap in order to 
excavat-e from beneath it the soil so buried. This, of course, 
vonld be a very expensive process, in many caseB more than 
the value of the land. In levelling the heap, however, it will 
cover n greatly increased area: if the soil from this increased 
area is removed and rcHpread over the levelled ehale, it may be 
made to cover the whole area. 
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Fia. 165.— CalenUtioD oreontont* oTibttlfi-baip. 



CalcolatioD of Contents of Shale -heap. — It is sometimes desired 
to calculate the area that will be occupied by the sbale-heap 
when levelled, and to do this the cubical contents of the shale- 
heap are measured. This may involve a great deal of calcula- 
tion and measurement Fig. 105 shows a plan and elevation 
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of a sbaJe-beap. In order to obtain tbe exact cubical contents 
of tbis beap, it wonid be necessary to mark oat> vitb tbe level, 
oontonr lincB, as sbown on the plan, and tben to sarvey tbe 
position of the pegs. If these contour lines are at equidistant 
altitudes of say (> feet, tbe beap will be divided into a series of 
borizontal sections, shown on the plan 1, 2, 3, 4, 5, 6, 7, 8. 
Tbe average area of each section will bo the area enclosed by 
the dotted lines half-way between tlie contour lines ; and the 
cubical contents of each section can be calculated by multiply- 
ing tbis area in square feet by the depth in feet, which, in this 
case, is r» feet. 

Where there is no particular reason for desiring to know the 
number of cubic yards in the heap, the area it will occupy when 
levelled can be roughly ascertained nitb much less lalKsur. 
Thus, if it is decided that tbe 8loj>es of tbe waaie-bvap, when 
it is "levelled," shall be 1 in 10, it is only necessary to know 
the profile of the sbale-heap, and to draw a give-and-take line 
of section at a slope of 1 in 10, equalizing catting and bank, to 
find ajipruximately the distance to which the slope will extend. 

It must be homo in mind, in drawing the give-and-take line, 
that it represents one of an infinite number of equidistant radial 
lines drawn from the centre of the hill to the circumference, 
and that the width of the cutting between any two radial lines 
is therefore less near tlie centre than near the circumference, 
and for equal depths of cutting the amount of material on any 
given line of section between any two radial lines varies directly 
as the distance from the centre. If the bill is levelled down 
from tbe centre in every direction all round, the average depth 
of the cutting on the hill must be greater than tbe average 
depth of the embankment formed, in projmrtion to the area of 
the cutting on the bill and the area occupied by the ground 
removed from, the hill. Thus, referring to Fig. 1C5, the centre 
of tbe hill is at a, the average radius of the cuttiug may roughly 
be taken as ah, and tbe average radius of the ground to be 
filled up may be rougbly taken as av. Suppose the length ab to 
be 133 feet, and the length tn- to be -100 feet, tben the relative 
areas of tbe circle and ring as described by those radii is as 
133' : 400" — 133- ; : average depth of bank : average depth of 
cutting ; therefore the depth of the cutting at b will be 8 feet for 
1 foot in depth of cmlmnknicnl at <-. It must, however, be 
borne in mind that the cutting at h will be more solid than the 
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embankment at c, and, inalung some allowanco for tliis, tlie 
depth of the cntting at h may be say sij times the depth of 
the embankment at c In order to arrive at this result, it may 
be necessary to dran- a few trial sections, and modify the radii 
/i and r. 

In cases which very frequently happen iu practice, no calcu- 
lation is necessary (see Fig. KiH). Iu tliis case the slope agreed 
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Flo. 106.— AptirDximatc moUuxl uf AiuliDK llie an'ii cxTupiud bjr ■1>»lQ-heftp 
whoa levolled. 



fl£ fiUitable for restored! land, say 1 iu 10, is first ruled oflF 
an shown on thr longitudinal seelion, giving approximately 
eijual bank and cutting. This reduces the })eight of the bill, 
and this reduced height is shown an the transverse section by 
a dotted line. A give-and-take line at a slope of 1 iu 10 la tlien 
drawn on tlie transverse section, and the height of the hill still 
further reduced. The area occupied by the heap spread out can 
l>e scaletl off the plan made by projecting the give-and-take 
tion lines. 





It frequently happens that bore-boles an? di-Bected from their 
vertical coarse. This has Ix-en noticed particttlarly with the 
diamond boring iool, o( which the grinding; action is more easily 
carried on in a crooked bole than boiing by percussion. It 
is not surprising tliat bore-holes shoald be crooked ; the only 
wonder is that they ore so often straight, or nearly straight. 
Take the case, for instance, of rope boring. The bore-bole is 
made by a falling chisel at the bottom of a straight, KtilT bar of 
iron not more than 30 feet in length. Such a bar cannot, of 
conrse, go round an angle, bat it can go round a carve, just as 
a railway waggon with a long wheel-base can go round a curw. 
Sup]>ose thai there are enlargements on the rod intended to 
nearly fit the hole, these enlargements being '20 feet apart and 
I inch less in diameter than the hole, then the rod may lie at 
an inclination of I inch in 20 foct to the direction of the hole, 
or 1 in '2-10. Considering, however, the rod as the cliord of an 
arc, and the 1-incb play as the versed sine, this oorrespouda to 
an angle of about o8', and the rndius of the circle will be found 
as follows: The natural sine of oti' is O'OltiU feet; the actual 
sine taken in the bore-hole is in feel; then n*016D : 10 r: 1 : 
radios of the circle. The bore-bole is thus started on a curve 
with a radius of about i)9ii feet, and if it should continue on this 
curve for a distance equal to the radius— that is, 593 feet— the 
direction of the bore-hole may he changed to the extent of G(f. 
There is, however, a continual tendency on the part of the 
falling weight to straighten the hole. If the lengtli of the 
straight, stiff bar between guides is less than 20 feet, the angle* 
of jMjHKihle deflection will be greater than 58'. 

In boring with rods there is the same Uahility to deflection, 
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and tiiti angle of deflectioti doefi not depoiul un tlie length of the 
boring-rods, but on the length of absolutely stiff rod below the 
slidinff-joint or free-fall arrangement Although the boring- 
rods, when taken individually, may Huem very Btiff, yet when 
scvenil hundred feet are screwed together, they make a very 
flexible rod, that will easily go round a curve. As in the case 
of rope-boring, the teuduncy of the cutting tool is tu go straight, 
and a crooked hole is the result of some deflecting cause, such 
as a hard pebble or boulder, or the hard surface of some highly 
inclined stratum. 

In considering the action of h revolving or grinding borer 
like the diamond rock-driil, somewhat similar considerations 
prevail, but there is a greater tendency to defection from a 
straight line ; part of the weight of the rods necessarily rests 
upon the boring head in order to give the rt'cjuisito pressure to 
grind awa}' the ground. This wtight would naturally tend to 
hend the rods in case of any jar, tending temporarily to dcHect 
them from a perfectly straight line ; the sliffuesH of the rods, 
and the length of the stitf part, and the tightness with which 
they fit the bore-hole, have to be relied on to keep the hole 
straight. 

In the diamond borer the crown lita the hole, but the core- 
tabe, to permit the free passage of water and sand up the bore- 
hole, is frei|uently a good deal smaller than the boro-hole, thus 
permitting of a contiiderable detlectiou, the amount of which 
can be calculated in the same manner an that given in the 
example for rope boring. 

If the bore-hole should be del!t«;ted by coming in contact 
tvith a highly inclined smooth surface uf rock, there is no reason 
why the deflection should not continue until some other surface 
is mut with, tending to cause a deviation in the other direction. 
This accounts fur the circumstance that bore-holes fretjuently 
deviate greatly from the vertical, sometimes, it is said, to the 
extent of iO or 50\ or even more; and, indeed, there is no 
absolute security that a bure-hule will uontinue to descend; it 
might gradually turn into a horizontal direction, ur oven into 
an npward direction, 

In order to ascertain the course? that baa been taken by a 
bore-hole, and to prevent great and wasteful deviations from 
the intended line, it is just as necessary to survey a bore-bolo 
as it is in tunnelling to survey the tunnel. There are, however, 

u 
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Kio. I<t7. - Nolten's ia- 
gtriiiHont.ehowiDg glaiia 
cap iovltned. 



great cHtlicuIties in surve^'ing a hole wliicb naturally BUfTf 
tbemBtjIveK. These difficulties have been ovenorao by seTeral 
ingenious iostrumenls. The first of whicli the writer has an.v 
knowledge wua ilesigned by Mr. G. Nolten, Dortmund, Germany.' 
Holten'i Instmment. — Tlie object of this instrument ia to 
asi;ortain the inclination of the horc-bole and the direction ot 
the inohnatiau — that is to Bay, whether the inclination is 
towards the north, 8ouih, east, west, or 
^ some intermediate point of the compass. 
One of the most important parts of the 
instrument is shown in Fig. 167. This 
is a glass cup, in which is a liquid, the 
level of which is shown by the line ah\ 
this li(|uid may be hydrofluoric acid, 
which acid lias the quality of dissolving! 
glass. If, therefore, it is allowed to stand 
in a glass cup, the glass below the surface 
of the litjuid will be gradually dissolved. 
Su])pOHe, Ihen, that the glass is inclined 
so that the level surface of the liquid is on 
the line a.h\ if the liquid is allowed to rest 
with the cup in this inclined position, it will eat away the glaes 
up to the line nh. 

If, instead of pure hydro6uoric acid, a mixture of 1 part acid 
and \ parts water is used, half an hour will bo sufficient time 
to make a clear and permanent mark at the surface of the 
liquid. If some of the liquid is now poured out of the glass, 

and the vessel is allowed to stand in a 
jMjrfectly vertical position, the siurfaco 
of the liquid lU (see Fig. 16^) will be 
IcvhI, an<l if left stationary for half an 
hour, this lower surface-lino will be 
etched upou the glass. It will be 
readily seen that the angle the line nh 
makes with the line *\c is equal to the 
angle made by the sideu of the glass, 
with the vertical line stj (Fig. 167) when it is held in an in- 
clined position, or in other words, the angle a^c (Fig. 168) is 
equal to the angle hx^ (Fig. 167). 

* K. En^. tmt U.E.. Yn|. xxix. ]it. i: Ptpcr b; C. Ziclhi'B Oauuiog and 3. 
Koitttetb Gutliriv. 
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Then, in order to ascertain the inclination of a bore-hnlc, it 
is only Hfecessaiy to lower such a glass, partly lilled with this 
acid liquid, rigidly fixed in a straight line with the sides of a 
long tightly closed tube. 

Let this tube, then, be lowerfd down the bore-hole to the 
bottom, or to any other required depth. Whilst it is being 
lowered, the acid will shake about and will leave no clear mark 
upon the ghiSB ; when it has reached the required depth, if it 
is allowed to remain unmoved for half au hour, the lerel of tlie 
liquid in the cup will lie etched upon the glass, and will form 
A permanent record of the angle uf inclination of the glass, and 
also of the tube in which it was fixed. The glass may now be 
withdrawn and placed upon a perfectly horizontal table, and 
the difference between the surface of the liquid and the mark 
upon the glass will show the angle of inclination of the bore- 
hole. If a little of the liquid is poured out of the glass, and it 
is then placed on the horizontal table, and left stationary for 
half an hour, a line corresponding with the horizontal line will 
he permuiiently etched oa the glass, and tlie angle of inclination 
can afterwards Ijc measured at leisure. 

In order to record the cUrectioD in which the hole is pro- 
ceeding, in case it is not perfectly vertical, another instrument 
is combined with this one, and lixeU in the same tube. This 
instrument consists of a compass-needle free to revolve in a 
horizontal plane on a vertical pivot, and of a watch which can 
he set to operate a lover, so that the needle can bo clamped at 
the exact time to whicli the wakh is set. Then, suppose the 
instrument to be lowered down the bore-hole, the watcii liaving 
been set to operate in three quarters of au hour, one half-hour 
is occupied in lowering the instrument to the required depth in 
the bore-hole; one quarter of an hour remains for the needle 
to steady. At the expiration of that time, by the action of the 
watch, the needle is clumped iu the magnetic meridian. Since 
the compass-box is fixed in the same case as the glass contain- 
ing the acid, the direution of the inclination of this glass can be 
ascertained before they are disconnected one from the other 

The construction of the apparatus can bo gathered by 
reference to Figs. IGU and 170. 'i'he paints to be noted are that 
the recording apparatus must be placed in a water-tight case 
made of brass or some other metal which has no aLtraclion for 
ihe needle; this case must be nul only water-light at ordinary 
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proBsures, but at very high pressures, as it may be lowered 
tbe bottom of a iiole {contaiuing water) several thousaiid feet 
in depth. It must also bo remembered that, if the inetruiuent 
IB put in a hole already cased with irou tubiug, the compaas' 
reading will not be exact, although Lhi3 average of a number of 
readings may be approximntely correct ; where, however, there 
is no iron the reading of the needle will be cori-ect, unless there 
are magnetic minerals or rocks, the existence of which will 
be discovered in boring. 

As the sides of tbe hole are probably not perfectly straight, 
the longer the tube in which the apparatus i8 put thu more 
likely will it be to show the correct inolination. The apparatus 
has been constructed small euougb to go into a ^-inch hole, aud 
doubtlesH, if ueceasary, one could bo ma<le to suit the smallest 
size of bore-hole. 

The following is a description of the figures, given by MessrB. 
Bunning and Guthrie:^ — 

" The cylindrical casing of tbe instrument is shown in 
Fection in Fig. 1. The opening ait of the cylinder A, Fig. 1, 
is shown in Fig. y in section, and in Fig. 4 in perspttutivts Into 
the space r//; (Fig. 1) is tixed, by means of a rod^ the instrument 
shown in Figs. 2 and 5, which fonsiuts of three plates, a, e, 
and u (Fig. 2), ghown by dotted lines iu Fig. 1. 

" These plates, or divisions, are plotx'd at right angles to the 
longitudinal axis of the instrument, and are connected together 
by three vertical strips of brass, shown in Fig. 5. 

" Fig. 4 shows the inner projecting flange of the cylindrical 
casing, also seen in ii'i (Fig. 1). This flange is divided into six 
e(juat parts, three of which are alternately cut out. Fig. o shows 
how the three plates are similarly cut out, so that they can 
slide through the projecting flange, .\fter sliding the inner 
instrument through tbe flange in Fig. i, it is turned one-sixth 
of its circumference towards the right, the oatch z preventing 
it from going further ; then the three outer projeetions of the 
ujiper plate in Fig. 5 will aland under the three inner projecting 
parte in Fig. 4. 

" The cover oa (Fig. 1), is now placed over the rod, which, by 
means of the nut m, can be tightly screwed down. The ronnded 
end-pieces in Fig. 1, held by nuts, are only nsed to round the 

> Vor ooDVL'Dioncu iu mfL-rc-ncv, Fi<;H. Kill niid 170 arv: au\m\i\idvd into Hpunito 
Vig*. (I Id 17), ami tliwo Intlcr am tliu figures n-'fcrrcd tu in Uju doMriiitiob. 
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instrument. The glass containing the etching liquid is placed 
in a brass ring, hnn (Figs. 9 and 10), which is fastened into the 
lowest plate {Fig. 2). 

" This glass is closed by a tiat lid. the lower surface of which 
is lined with gntta*|>erchR, and which Ih kepi in its place by the 
cone fl'i (Fig* '■2). and a screw above. 

" The compass is placed upon the middle plato, the pin apon 
winch the needle swingK being made high. Over the compass 
is placed the watch with its stop arrangement, which is shown 
in natural size in Fig. 11. aud in Fig. 18 the lercr arrangement 
is seen twice its natural size. The watch ia fastened on its 
upper side to the plate *■ (Fig. 2), and on the lower side is 
soldered the pin d, which keeps the watch in position by fitting 
into the hole iu the guide */, shown in Fig. 6. 

*• The winding axle, which is lengthened ontwardly. and to 
which is connected a small metal plate, vi (Fig. 11), pushes the 
IcTcr arrangement by means itf a pin towards the right ; this 
pin is seen at d in the small anchor rf;7"(Fig. 13), This anchor 
is sketched as seen from above, and the. rods under it ore drawn 
in elevation. The former is placed in a horizontal position 
on the vertical rod :\ht\ upon which a movable rod tarns on 
the axle tj. 

*' Upon the top of tliis rod the catch ./is fixed, which moves 
in the slotting / of the anchor, while the pin i of the latter 
fits into the hole r shown in the rod alir. In the lower catch ;j 
the moving rod acts upon a brass spring, r 

" When this rod is moved towards the right, the spring is 
released, and strikes the pin h in Fig. 11, which, on being 
pressed down, fixes the magnetic needle. In Fig. 12 the movable 
rod is shown in two positions, before and after being stopped. 
Tlie point d is kept out of reach of the pl&te m by the movable 
rod, and retained in that position so that the watch is free to 
work. The anchor and movable rod are held fast in the position 
shown by the dotted lines. The stopping of the watch nt any 
retjuired time is effected by the jdacing of the plate m in 
Fig. n. 

" This plate, as shown in dotted Hues in the figure, is placed 
at the number 4. if tlie watch is required to fix the needle after 
an interval ut four-fourths of an hour; and is placed at the 
number U or A, if it is desured to fix it at three-fourths or five- 
fourths of an hour respectively. 
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" Should it take, for example, half au hour to lower the 
instrument to the measured depth where it is to remain, the 
Btopping of the magnetic needle occurs when it is in perfect 
rest, if the plate m is set on the number 3. 

" That the stopping of the needle is ooeasioned through the 
plate 7)1, and not, perhaps, by the shaking loose of the spring 
in lowering, and also that it takes place at the required time, 
is proved by a small mark, made by a pencil fi:tcd in the point 
of the niichor, upon a piece of paper fixed upon m. 

" Tiio compass case (Fig. 1 1) is covered by a glass lid, kept 
in its place by a pin placed abo\'e. The upper rim of this lid is 
divided into a hundred parts visible from within and from 
without, and standH concentric with the ring kmn (Figs. 9 and 
10), in whichHhe acid glass is placed, the under half of which, 
1/10 is also divided into a hundred parts, so that in both vessels 
the zero point and all other divisions stand vertically under 
each other. 

" The upper half of this ring is turned down to half its 
thickness. Been in Fig. 10. Over this part a brass ring is fitted, 
which can be turned rouud, and is divided into 3GU^ 

" Suppose, for example, the north point of the needle in Fig. 2 
is to the right. Also suppose the glass fixed into the ring 
(Fig. 10) ban i\\v etched marks shown in Fig. 7. The dip of 
the iuBtrument will be towards the south, the dip being where 
the water-level <('> is lowest, therefore towards a, which stands 
exactly opposite the north point if the marks are as shown. 

"In Fig. B, with the lower curve as representing the lowest 
point, which is exactly in the middle of the back side of the 
glass X, the dip will in this case be towards the west. If the 
upper curve in Fig. R represents the lowest point of the etching 
fluid at y, so will the ilip be south-west. 

" To finil easily, and at the same time accurately, the direc- 
tion of the dip of the instrument, the position of the north point 
is compared with the before- described gbiBS lid of the compass, 
which is divided into a hundred parts, and the number on the 
compass-holder which happens to be opposite the north point 
of the needle when stopped. 

" Take, for example, this number to be 50. Then the movable 
ring hn (Fig. 9} is turned round until the icero point is over 50 
on the bott^^m ring m<', which is concentric with, and similarly 
marked to, the divisions ua the compass lasc above mentioned. 
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npon the movable ring, llie zero point of wliicli will be vertically 
under the north point of the necdio, tho bearing is read of the 
lowest point of tho etched riug in the glass, which, in the 
example given in Fig. 7, is IfiCT, and in Fig. 8, 270^ and 225'' 
respectively. 

'* FinoUy, the Figs. 14, 15, and 17 represent the screw- 
press, which is placed over the lid of the inHtrnment ao 
(Fig. 1). The key (Fig. IC) works in the space <i of the part 
(Fig. 17). On this press being placed over the lid, pressure is 
brought to bear on the cover an by means of the two screws 
shown in Fig. 14. the pressure being followed up by tho nut mo 
turned by the key (Fig. l(J); the wholu of which is shown in 
section in Fig. 15. After sufficient pressure has been brought 
to bear, the nut h is loosened, and the parts II, l.**, and 17 
taken off. 

" This covering, together with tho packing round the rod, has 
been proved water-tight at a depth of H*2H0 feet. Tlie manner 
by which the middle rod is made water-tight is shown in Fig. 1, 
where ml represents a sort of metal gland, rouud the top inner 
edge of which packiug is placed. ... As regards tlie imper- 
meability to water of the instrument, the following experience 
was gained : When hard or soft gutta-percha was used, it 
proved ineffective at a depth of 1:^12 feet; hut when varnished 
paper was used at a depth of 3280 feet, no water was fouml in 
the instrument." 
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The writers of the paper found that when the instrument 
was put into a wrought-iron tube, the reading of tlio compass 
needle was sometimes WJ' difTereut from the true direction of 
the tube, but an averagr^ of three readings madt! within a length 
of S foet gave a bearing within 'y of the true direction. There- 
fore, in ascertaining the direction of a hole lined with iron tubes, 
it would be necessary to take at least three observations at a 
distance of 2 or 3 feet one from the other. 

Messrs. Bunning and Guthrie refer to the uso of this 
apparatus in ascertaining the inclination of some bore-holes. 
Ileferring to the bore-hole Hirius. near Urefeld, on being tested 
at the depths of HDO, 1100, and Vl'M) feet, it was found that the 
inclimition from the perpendicular was 3", and the beuriug 
W.S.W. Another bore-hole at Tellus, by Uerdingen, at depths 
of 7r>0 and 70U feet, gave an inclination of 11 '. In the bore-hole 
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at Bf^rggeiflt, at a depth of fK>0 feet, the incliaation was 4|\ 
These three bore-holes were put down by percussion boring. 

In 1874 the bore-hole Gastav Adolpb. near Dlenslaken, 
bored with a turning borer.' was stopped at a depth of 7oO feet, 
and was tabed all the way with the intention of proceeding 
farther at some future time. It was sabseijnently snrreyed, with 
the following resnlts : — 



At a depth of 2(H) feet . 


'2^ inclination 


., 300 


... Si 


„ 480 


... 8J* 


•) •> 750 ,, 


... AT 



After this it was decided not to proceed with the boring. 

Other experiments were made in a bore-hole to a depth of 
B280 feet. The diameter of the instruinent used in the above 
experiments was 3 inches. 

Ka«georg^'s Clinometer and Compais. — This ingenious instni* 
ment, designed by K. F. Macgeorge, of Victoria, AnstmliA, 
is described in Kntfin^frinij of March 13 and April "A, IBH.'i. 
The principle upon which it is constructed is somewhat similar 
to the one last described; but gelatine is sabsUtuted both for 
the hydrofluoric acid and for the stop-watch. Ordinary gelatine 
is easily melted if the vessel containing it is immersed in hot 
water, whilst it solidifies at a temperature of abont 70^ F. 
When ouce the jelly has been melted, it takes several hours 
to stiffen, flo that if a phial containing liquid gelatine is lowered 
into the bore-hole, it will not stiffen till some time after it has 
reached the bottom ; if, therefore, a plumb-bob is snsptinded in 
the liquid gelatine in the phial, after the phial has beun lowered 
to the bottom of the bole, or to some less distance, the plumb- 
line will hang in a vertical line ; if the phial is now left for some 
hours, the jelly will stiffen round the plumb-bob. If the phial 
is vertical, its axis will be parallel to the plumb-bob ; if, however, 
the phial is not vertical, the plumb-bob will not be parallel with 
its axis, and when it is withdrawn from the hole, the angle nf 
inclination can be measured by putting the phial in a vertical 
position, and measuring the inclination from the vertical of the 
plumb-bob. which remains firmly embedded in the stiffened 
jelly. 

If another phial is lowered down the hole in the same holder 

* Pntlmliljr Xiw ilUaii>n<l Ivtrcr i:i in<-iint 



I 
I 



Sl/RVEVmG BOREHOLES. 



a« 



'a.. 



/, 



'/; 



as thftt which contains the plumb-bob, aud in this phial ih a 
cotnpaSR needle free to revolve iu u horizontal plane upon a 
vertical pivot, and this phial is also filled with liquid gelatino. 
the needle will be fi-ee to swing into the magnetic meridian, and 
will take that direction as soon as the phial Iwcoraes Htationarj? 
in the bore-hole. In the course of several hours the gelatine 
will stiffen, and the needle will be fixed in the meridian. If 
the hole is vertical, nothing 
is to be learned from the 
observation of this needle ; 
but if the bole is inclined, 
the direction of the inclina- 
tion is recorded. 

Fig. 171 is a sketch, not 
of the instrument, but in- 
tended to show the principle 
npon which it acta, tui is 
part of a bore-bolc ; hh is a 
strong brass tube, water- 
tight and capable of resist- 
ing the external pressure of 
vater at the bottom of the 
bore-hole ; r is a glass phial 
fille<l Mith gelatine; ^ is a 
small plumb'hob suspended 
in the phial ; r is another 
glass phial filled with gela- 
tine ; and ,/' is a compass 
neeille on a vertical pivot; 
N is the no rt 1 1 -seeking end, 
S the south-seeking end of 
this needle. 

According to the above 
sketch, the bore-hole is in- 
clined towards the Booth, and the angle of inclination is about 
221". On looking at the ligure, it is evident that the observer is 
on the east side of the needle, looking towards il, and the bole 
slopes towards the left hand, and is therefore sloping southwards. 
If it ha<l happened that the hole was sloi>ing towards the right 
band, the slope would have been northwards ; if the hole bad 
1>6en sloping towards the observer, it would have an easterly 
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Pic. 171. — Mu^^^vrKD'-t iimtruuient. Din- 
gramiufttic skotcL, allowing priocipU-. 
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inclination, and if it bad been aloping from tbe observer, a 
westerly inclination; and if the slope of tbe liole had been at 
some interracdiato inclination, tbe exact beai'ing could be read 
off by careful obserration. 

DMcrlption of Macgeorge's Cliaograph. — Fig. 172 sbowa tbe 
clinograph an made by Mr. Macgeorge. It is 
sltetcbed by tbe writer from tbe descriptions 
given in Kniiiiierrhitf. It fibonB a strong 
brass cylinder or guide-tnbe, an, aboat fi feet 
long, the diameter depending on tbe size of 
the hole. This tube is closed at tbe top with 
tlie solid plug /% tbe bottom of the tube is 
also closed tight; the tube and the pings 
rm^ cloKing it must be strong and tight enough 

JjJ^ to resist tbe water- pressure at the bottom of 

the deepent lH>re-bole down wliieb it may be 
seat. Tbe kind of washer or other means 
repaired for making tbe plug water-tight are 
not nhowu. 

On the top of this giiide-tnbe, and fastened 
to the plug /', is fastened a bolluw Itrass tube 
t; with a boro in its upper part of not less 
,^^- timu half an inch ; where this tube joins tbe 

i^J plug it is thickened and tbe bore enlarged; 

there are six holes, tur. It is intended to 
force cold water down this tube, which, 
escaping at the boles cc, will fall down out- 
side the guide-tube aa, and so keep it cool in 
case tbe bore-bole should be warm. The 
tube r is made of brass, in order that it 
may not influence the magnetic needle; the 
top of tbe tube is jointed to a series of half- 
inch iron tubes reaching to the surfooe. 
Pio. 172 -SUrgeor«e*i These tubes serve not only for the passage of 
tiMwiiiff Kiiide-iQbe cooling Water, but also for pushmg tbe chno- 

clSuh:;^'!;.^;': Sr^^^ «-'^"8 H^^ bore-hole to tbe require.1 
distance, the use of stiff tubes or rodH being 
neceBoary if the bole should bo horizontal or not very steeply 
inclined. 

In the case of holes which ai-e nearly vertical, or inclined at 
an angle of not less than 15 from the horizontal, and which 
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nrc sufficiently cold for tbe jelly to congeal, these tubes art; 
unnecessary, and a curd may be substituted as shown in I'ig. 
171. The lower part of the cord should be made of brass wix'e 
or vegetable fibre, lusidc the strong guide-tube is a brass slide, 
/; in this bra&K Hllde are tixed a series of clinosttits, out: above 
tbe other, f/, tj, Mr. Macgeorge hxos live or six. Tbe reason 
for having this number is in order that any accidental inaccuracy 
in the record given by one instrument may be checked by tbe 
record from another. On tlie top of tbe slide is a spiral spring, 
which keeps it tight and saves it from tbe shock of any 
concussion.' This instrument serves the purpose of taking the 
angle and direction of inclination of a bore-bole. 

Inclination of Strata from Core. — It can, however, bti adapted 
for the observation of the inclination of planes of striitification or 
other joints in the strata. For the purpose 
of this observation a core is left Bttinding in 
the bottom of the bore-hole (Fig. 173); a 
core-holder is rigidly aud securely attached 
to tbe bottom of the ti-fcet brass t^uide-tuhe 
containing tbe clinostats. This uore-huUler 
is a brass tube set eccentrically to tbe guide- 
tube with a bell mouth, however, that guides 
tbe core-holder over the core. Inside tbe 
bell-mouthod tube is an iuuer spUt tube of 
brastt, smaller than the core, and also bell- 
mouthed at the bottom. The apparatus is 
forced down by tbe tubes from the surface, 
and the bell mouth forced over the core ; tbe 
inner tube is expanded as it is forced down 
ovar the core, and holds it firmly at the 
same time ; the centre of this tube not being 
concentric with tbe core> great pressure is Seet^oKot/A 
put upon the latter, and it is broken oflf by jtiu. ua.— Mutgeorgt'i 
tbe descending movement of the holder. in«triini«nt. Coro-ex- 

The instrument is now left unmoved for 
several hours for tbe gelatine in tbe clinostats to stifi'en, after 
which tbe whole apparatus is withdrawn, including the core, 
which will have on the surface the same position in regard to 

> Tbe writer pnnuuioB thnt tUere will bo a wuiilftr uprixii; Ht tbo bottoio, fttkl 
tfaiu Ihfl Hlido will )h9 Mvcd from nerviu twacusBiuu botb whca beiag luwurud tlowu 
nod wbco Lieiu^ dmwu up. 
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the compiiHS needleH and plummeta of the clinostnts as it htd 
in tliii bore-hole.' 

Tbe cUnostat is shown on a larger scale in Fig. 174.^ a is 
atitraight cylinder of glasR, fitting accurat^ily within the guide-inbc 
/(Fig. 172). The lower end of this glass cylinder 
terminates in a short neck and a bulb, b ; the- bulb is 
filled with liquid gelatine; a small glass fiuat, r, 
(^arrieH a compass needle, '/.* This lower balb h is 
closed with a cork, c, thus preventing the escape of 
the needle and float. A small glass tube, ,/', passes 
through this cork to the top of the glass barrel, and 
out of tbe barrel through an air-tight cork and a 
screw L-apsule. </. The upper part of the tube / is 
enlarged into the bulb U ; this bulb is also filled 
with liquid gelatine, in which is placed tbe plummet 
(. This plummet consists of a ihin glass rod, ft, 
terminating at tlie bottom in a plumb uf solid glass ; 
and at tbe top in a hollow glass bulb, m ; this bollov 
glass bulb is a float. The size of this bulb is care- 
fully adjusted to the specific gravity of the gelatine, 
so as just to carry the weight of the glass witbouL 
being so light tu* to press with appreciable force 
against the top of the bulb h : tbe weight / naturally seeks tbe 
centre of gravity, and tbe glass rod it is in a vertical Line, no 
matter what in tlje angle at which the barrel a i& held. 

■ TliiainetLodar tnkbg tlicdipof tUvstnU might be uilxpttMl totlta hydrudnorio 
add npimnitiift. It must, howovur, bo burns lo tolnil tbnt uiy indioMttona oT tl)« dip 
rmm a «maU bore-hole &n) Apt to be iDlMi-nclmg, tM it is qoite probable tlut Uip 
incliDHtum (if tLo piow of grriuod from wliiali tbo caro tru extracted might \m in 
ti)« levene dUvotiou of the general dip. If lbs ioejinatioti of a Mnries of onrea ftaa 
top to bottom of A dfep borf^-bole i» takc-a. there b ■ greater probability of b«ag 
■Ue to obaerrs tbe Kunernl dip of tite xtriita ; but, io &uy am, the dip, m obBerred 
In the bore-hole, is onlf Ibe dip that thu rtioVe hnppcu to havo uiKlor tho vvrjr Mtiall 
|)lut of groutid tbrnti^li wbicb tbu borc-holv paaMS. 

• Sketched by tlio writer from Iho ile«criptioii giwa in Kngtmtering. 

' Tbe de»oriptioD in KnginMrtpg m^en \n a pirot; it dod Dot wy whut tk« 
pinit [fl. I'owibly there ntny \>v n \Mui uoderaeatli tbe needle, pntly eappurlinjc il. 
but, if litis Im m, it it not plain, and it is not explainod bow Ibo needle fi ktxyl frotu 
bttiog ji-rkcd uff llie [loiut. TUu nritor is, Uierefore, drifou to thu oonolusiou ttboru 
staled. If thi» in right, the only friction UiO magnetic force wouM have to •jvcrxhik' 
ID drawing tbe lu-'eiile into tbe meridiuo line woald he that dae to the Uqufd 
icvlattne. and tho friotioit vX tbo nfiper part uf the glasH Hrwl praNiug a^iiut the 
surface of tho bnlb; this prtjaanre, however, wntibl br rrry slight, A» the Bnat will 
hnve only just Huffloient lifting p^wer to mrry the magnet clear ^f tbo bott^im of tli<' 
hulh, Uic needle iteelf oaa neviT coido io oontac-i with th<! atdee of the bulb. 
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Before lowcriug iiito the hole, the gelntiuu ie miiUetl by 
varming ; the apparatus is then lowered into the hole, ami leTt 
titaiionary for soy three hours, when it ie withdrawn; the 
plummet and the compass needle are thus fixed in the trans- 
parent jcUy in the relative positions they occupied at tlie hottom^ 
of the hole. 

As the needle, when it is freely suspended, always turns to 
the magnetic north, it is only necessary to turn the phial till 
the needle points to the magnetic north in order to place the 
clinofltat in the direction it had at the hottoni of thu hole ; and 
Binco the plummet i, when freely suHpentled, always occupies a 
Terlical i>OBitioii, it is only necessary to incline the barrel a till 
the plummet fixed in the jelly is in a vortical position, and then 
the instrument will be at the same inclination that it had at the 
bottom of the bole. 

Uacgeorge'fl Clinometer.— In order to facilitate the exact 
reading uf the inclination and hearing uf a bore-holu as 
recorded by the ap- 
paratus, before melting 
the jelly for future use, 
each clinostat — that 
is, the instrument 
shown in Fig. 17-i — is 
placed in a cIiuomet«r 
specially designed for 
this purpose. This 
clinometer is shown in 
Fig. 175. na is a brass 
tube in which the 
ojinostat is placed, and 
which it exaitly fits ; 
the bulbs appearing at 
either end, the plum- 
met bulb at the top 
eud, thi) compass bull) 

at the lower end. wt is tixed to a radial bar, Jy^, extending from 
and fastened to the horizontal uxis c. Attached to this same 
radial bar aro two microscoiies, d and d' ; the horizontal axis 

■ is attaohcd by brackets to the horizontal tripod ee ; the micro- 

■ scopes fl, it are so attached that they shall always be parallel 
K |u the horizontal tripod stand n: If, therefore, this stand jk 

t 
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carefully levelled with a Bpirit-lcTel,ihL' pla; 
(/, d' will also bti level ; if the stand a: is 
the microscopes tl, ft' will be parallel to it. 

It is not important that vc- should be level. What is im- 
portant is that the longitudinal axis of the microscopes shonld 
always be in a plane parallel to tlui stand, which is aasumud lu 
bo a horizontal piano ; but the pUial-holder aa, attached to the 
radial arm l>h, can bo moved through an arc of 90' ; therefore, 
as it is moved it is necesaary that the microscupes should also 
be moved. Tlio right-hand microscope d will always have its 
axis parallel to the base of the instrument ; but the other 
microscope, d', will require to be altered whenever tlie position 
of the radial arm hh is altered. Kor this reason it is fitted with 
a parallel motion, of which one rod is shown, marked //; thu 
action of this parallel motiun keeps the longitudinal axis of r/* 
always parallel to the base. 

The object-glass of each microscope has one or more vertioal 
Lines drawn upon it. When the radial bar bh is moved, these 
vertical lines on the object-glass of the mieroscope d' will retain 
their vertical position, hut those of the object-glass d wil) be 
moved through an angle similar to that through which the 
radial bur W> is moved ; but, by moans of the panillel motion 
above mentioned, the object-glass of the microscope (' is adjusted 
U) the movement of the radial bar, so that the vertical lines on 
the glass remain vertical. 

It must be borne in mind that these liaos are vortieal only 
80 long OS the axis of the microscopes is horizontal ; what is 
meant is that the lines are perpendicular to the plane of the 
base of the instrument, which is assumed to be horizontal. 

These two microscopes are at right angles to each other, and 
with tbem the small plummet in the upper bulb of the clinostat 
can he clearly observed. The phial having been put iuto the 
holder, the observer looks through the microscope (t, and iS the 
plummet is not parallel to the vertical lines, he turns the phial 
round in the tube until the plummet is parallel to the vertical 
lines. The observer then looks through the microscope d, and 
if the plummet is not parallel to the vertical Hues on the objeclr 
glass, he moves the radial bar hh imtil the plummet becomes 
vertical. (The reader will bear in mind that all this time the 
jelly inside is congealed.) When the phial has been iUiis 
adjusted, so that the plummet appears vertical through both 
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microscopes, tlie angle of inclination can he read by the pointer 
on the Ggares of the graduated arc //, which is attached to the 
bast* of the iuBtrunieut. 

The lower bulb is an inch or more above the centre of a 
horizontal revolving circular mirror witli five parallel lines 
eugraved across its face. Attached to the mirror is a ^^raduated 
circle, which can be turned round in the ring llmt cnrries it. 
On the fixed ring is a pointer ; this pointer is in a lino drawn 
through the centre of the mirror ut right angles to the hori- 
zontal axiH c, and parallel to the direction of t)ie radial arm hh, 
and opposite to the centre of the glass phial or clinostat. The 
centre line of the five engraved on the glass is coincident with 
the zero of the graduated circle; the mirror is turned so that 
the zero and centre line are coincident with the fixed ]iointer. 

Keflectcd in the mirror will he seen the image of the needle 
embedded in gelatine, which, as we know, pointed north before 
it was fixed by cougelatiou in the bore-hole. If, then, the 
reflected image of the needle is parallel to the lines engraved on 
the mirror, these engraved lines are in the magnetic meridian, 
and it follows that the clinostat, as placed in the tube-holder, is 
also in the magnetic meridian, iiud that the inclination of the 
bore-hole is northerly or southerly, according as the notched or 
north-seeking end of the needle, or the south-seeking end of the 
needle is pointing towards the index finger of the horizontal 
graduated circle. 

If, however, the image of the needle is not parallel to the 
engraved lines, the mirror must be revolved until it is parallel, 
and until the zero of the graduated circle is opposite to the 
north-seeking end of the needle. The number of degrees through 
which the mirror has been moved will be the number of degrees 
from the magnetic north that the clinostat is now pointing. 
Thus, if the circle is moved through 2U to the right, it shows 
that the clinostat has been fixed 2if to the left of the magnetic 
meridian, that is, 20" north-west, and that is the direction of the 
bore-hole. If, however, the graduated circle were moved to the 
left *iO', it would hIiuw that the direction of the clinostat, as held 
in this chnometer, is 20- eastward of the magnetic meridian, 
and that is the direction of the borc-hule. If the graduated 
circle were moved 12(Y' to the right, it would show that the 
clinostat is 1'2()' to the left of the magnetic meridian. As 180' 
would bo south, 120" is (30' east of south. U the graduated 
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circle liad be«D moved 130^ to the left* it would hIiuw that tbo 
direction of the clinostat is IBO to the risht of the inagnetic 
meridian ; and aa \H{y would be south, the direction of the hole 
IB 50" BODth-xreat. Kach of the six clinoatats is observed in torn, 

and the mean of the olwervations 
is taken to represent the angle of 
inclination and direction of the 
horo-hole. 

The upper part of the clinostat 
which Mr. Moegoorge recommends 
for use with his core -extractor, 
differs from the preceding ones in 
haring a minute compass floating 
in the hollow glass head nf the 
plummet J 

This instrument lias beon used 
in Burvoying bore-holes in Aus- 
tralia. In one case, at a depth uf 
370 feet it was found that the 
bore-hole had deviated 37^ feet in 
a horizontal direction from the 
position of the borehole at the 
top. 

Fig. 176 sbows the snrrey of 
the bore-hole. The positions in 
which the clinostat was placed 
are there shown in the vertical 
section, the test being applied at 
130 feet, -230 feet, 320 feet, and 
that the deflection of the bore-hole ia 
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367 feet. It will be seen 

on a curve, which, if continued to a depth of .500 feet, would 

give a horizontal deflection of T-l feet. 

' II M tiot tUttcd iti tli(! lU'soriptioD from whioh thv writer tnkcs bii acooQDl 
linw tliA oompftM needle la QsvA In the ma^etic meridian before it ti vitbitrnwn 
Trom tho bore-liolc, If Ihe hollr>w head of the pititiimel wi>re filled irllli cfelatiop. 
tlio plummet woald not flriat; it may In Hut n |Hirliim unly of lUf. |ilnniinrl Lnilli 
luB f^elntinc rii it — ^jtut viinai^b to fix tbc- iioxtlion of Ibe tioedl«. 
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Surveying by Photography. — Tlio pliotagraphic oamera may often 
be useful to the surveyor, especially when collecting information 
in foreign countries, in helping to give a general idea of the con- 
ftgaration of the cnunLry, the shape of clifTn, and the Bituation of 
works; intercBting views may also be got of underground work- 
ings by the aid of the magnesium, or the electric light. Tbeso 
views are rather for the adornment of a report, for its verification, 
and for the conKideralion of persons financially interested in 
minea, than for the practical use of the engineer. 

The photographic oamera can, however, be used for actual 
sorveying, the process being known as " photogrammetry." ' 
ft ia naid to have originated with Colonel Ijaussedat, in 1650, 
and has since been largely developed in Germany, Austria, and 
Italy, and is also frequently used in Canada, America, etc., both 
for engineering and for military purposes. 

The principle of the method is hriefly thus : If a photograph 
is taken from a point whoso position is already known, the direc* 
lion of the axis of the object-glass and the focal length of the 
IB being also known, and the line of the horizon being marked 

the picture, then the picture cau be laid down on a sheet of 
paper on which it is desired to plot the survey, and will giva 
the direction from the i>oiut of observation to all the poiuti« in 
the picture whose position is required. Two photographs of the 
same objects, taken from ditTereut points, define completely the 
pofiitton of each object, and also enable altitudes to be calcu- 
lated or graphically determined. 

The method ia the same as that of the idane table, to be 

' "Tlie AppUckliou of Phutogmpliy in 8iifv«ying," by E. Moiwt (/»*(. C R. 
Pntttdingt, vol. (^Ix. |i. 4 1 i). 
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rerciTcd to later un, with tlic difference that most of the work 
which, with the plane table, liaH to ho dune in the field, is, with 
the photographic method, done iu the office. 

The camera ueed may be an adaptation of the ordinal; 
photographic camera, or may he specially designed for photo- 
graphic work. 

This method of surreying is described by Mr. H. M. Stanley, 
in a paper read before the Ainericau IiiBtituto of Mining Engi- 
neers ; ^ and there is no doubt tliat, by the careful nae of 
cameras, a map may be produced from which the relative (lis- 
tances and altitudes of objects may be scaled, though this 
system would not be used where anything more than a rough 
approximation to the actual distance was required. 

Iteferring to Mr. Stanley's paper, the properties to be snr- 
Teyed comprised about six: square miles of broken, mountainous 
country. 

Mr. Stanley used an 8 x lU Eastman camera ; he used for 
the negatives celluloid films, with a "matt" surface on the 
back ; he also used celluloid films for the positives, as being less 
likely to shrink than paper positives. Attached to the camera 
were four cylindrical levels, by means of which the optical axis 
could be set in a level line, and the base of the ground-glass 
also made level. The centre of the ground-glass was marked, 
and vertical and liorizontal lines drawn through it. The posi* 
tion of these centre-lines was photographed on the negative 
by marks fixed on the carriers. The front hoard, carrybg 
the lens, was adjusted till the optical axis passed through the 
centre of the ground-glass ; the position of the front board was 
then noted, and a scale marked upon it, by which its movement 
above or below the central position could be measured. 

In taking the photograph, the height of the front board 
above or below the centre-mark, and the height of the optical 
axis above the ground, wore measured. 

Mr. Stanley's method was to use the camera as an adjunct 
to a system of triangnlation, the camera being fixed at a known 
point, and the view including some other known point (see Fig. 
177). Hero the camera is fixed at X, and pointed in the direc- 
tion A, and inchidea a known i>oint, Y. 

On examining the negative, or the print from it, the distance 
of Y to the right of the centre-line XA can be measured with a 

' tilcQ Sutuinit tlcctiog, Ortobcr, ltt91. 
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flcale. TliiB distance is the altitude of a rigbt-angled triauglc 
whoeo base is the focal distance of the lens. lu tbi^ case tLe 
drawiug was luadc to a scale of one-half inch to 1^0 feet, and 
the focal distance of tbo lens used was 20'JJ half-iucbes; the 
attitnde of tlie right-angled triangle niea»aring 5 o3 Imlf-incbes. 
The angle at the base of the right-angled triangle can there- 



fore be calculated. 



„, , r . perpendicular 5-58 

Ungent of angle = »- \^^ = ^^.^ 



= 0-27241, therefore angle = 15' ir>'. 

The centre lino of the picture, that is, the optical axis, may 
now be drawn on the plan at an angle of lH l;j' from the line 
XY, and the length of the li^e is 208 nnits. A line perpen- 
dicular to this, LAB, is the position of the picture. 

In tbo same manner, the position EFN of the picture taken 
from the Btatiun W may be platted by meana of the knovn 
station V in the picture. A point. P, in both pictures is now 
observed, and with a scale the horizontal distance of this point 
to the left of the line XA is measured 38 units, from which 
the angle in* HC' can be calculated. Similarly, the angle <r Sfi' 
is obtained from the picture takeu at W, and if these two 
anglei) are then plotted on the plan, the point of intersection 
gives the position of the point P. Instead of calculating the 
angles, the point P could have heen located graphically thus, 
the distance AB, HH as measured on the photo, may be plottdl 
on the plan, and the distance FE is also plotted on the picture 
taken from W ; it is 2'A.5 units to the right of the vertical axis. 
The lines WE and XB may then be produced to their point of 
intersection at P, and thns the position P is marked on the plan 

The elevation o( P may also be measured, in the picture 
takeu at X, P is 0*H1 above the horizontal axis. To find the 
altitude of P, draw BC at right angles to BX, and equal to 
OHl units; prolong XC to PIrt ; let PM be at right angles to 
PBX ; measure the distance PM, which is equal I? 222*8', 
which is the height of P above X. In the samo way the faeigbi 
of P liljove W may he measured. 

Instead of measuring the altitude, it may be calculated. In 

20 8 
the right-angled triangle X AB, the side XB = ^ „ ., = -in-rt 

units; in the right-angled triangle XBC tbo tangent of the 

It'Ml 

angle at the base = . ^ = U-03i)a2, the angle of elevation = 
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seen that the instrument consintB of a rectangular box of 
aluminiuiti, A, fitted with a roctilinear photographic lens, B, 
with iris diaphragm. The eamern is mouuted on a vortical 
axis, and can revoke round a liurizontal graduated circlt', C, a 
vemi«r reading on to thia circle being fixed at the hack of the 
camera. 

The infitrument ia carried on a tribach stage with locking- 
plates and levelling- sere WB. D. On tlic top of the camera is 
ijxed a telescope, whit^h is free to rota1« in a vertical plane 
when the instrument is accurately levelled ; and, by means of a 
graduated arc, F, and vernier, vertical angloB can be read to 
minutes. A revolving bubblc-tubB, G, is let iulo a recess on 
the top of the camera, which enables it to be levelle<l without 
disturbing its position. 

The camera is provided with the uBual ground-gtass shutter 
H, and in the ground glass is n window of polished glass, A', 
through which the inside arnmgements of the camera may bo 
seen. 

Inside the camera box is a strong rectangular frame, I, 
which carries the compass-box M, and the vertical and hori- 
zontal hairs K and K' ; by mean^ of a rack and ]tinion8, JJ, this 
frame can be moved along the bottom of the box, and is of such 
a size that when the dark slide is in position, and the shutter 
ia raised, the hairs K and K' can. be brought into actual contact 
with the senRitized plate ; there are pointers attached to the 
pinion which indicate the position of the frame. 

The magnetic compass M is provided with a vortical trans- 
parent scale, which passes quite close to tlie vertical hatr K, 
and by this means the magnetic bearing of the centre line of 
the instrnment is recorded on tlio photograph. 

Attached to the frame whicli carries the hairs is a trans- 
parent Itorizontal scale of angular distances, which is photo- 
graphically prepared by the makers. 

Other parts of the instrument are : S, clamp and tangent 
screw for tidescupe ; Q, clamp and tangent screw for horizontal 
gradnated circle; R. clamp and tangent screw for camera; P, 
adjustable microscope for reading vertical angles; O, micro- 
Boopc witli universal joint, to permit of its being used either 
for reading horizontal angles on the faurlzontal circle, or for 
reading the com pass -bearings through the window in the 
ground-glass back ; LL are small transparent tablets, on which 
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the place, date, time, etc., can be written, find bo recorded on 
the photograph. 

TUv instrument is supplied with six double dark slides, to 
c&rry a dozen 5 x I plates either horizontally or vertically. 

Fig. 178b shows a photogrftph taken with this camera, un 
which will he seen faint vcrtictil and horizontal lint^s represent 
ing the images of the vertical and horizontal hairs in tbt' 
camera. 
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The vertical hair intersects the compass scale at 87** ; thus 
the magnetic bearing of the line joining the station where the 
camera was fixed, and any point on the vertical lino on the 
picture is 87^ By means of the scale of angular distances 
the magnetic bearing of other points in the picture can now bo 
ascertained. Whilst using the instrument for photography, it 
can also be used as a theodolite, and positions in the picture (or 
out of it) fixed in the same way as in ordinary surveying. 

If H taobeometer is used, the distances to (>utnts in the 
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picture cau alBo be dtteiniiueii approximately, independently of 
ubservalionR from otht-r statidnrt. 

FUlara of Coal or other Mineral left to protect Baildtngs. — As 
it t8 well kuowu that the esL^avatiou of coal or other mineraU 
leads to a HubKidenee of tlie surface, it is usual lo leave a pillar 
of mineral ungot, or only partially got, for the aiipport of 
buildings and works of a valuable kind. The conditions wbitb 
decide whether or no it ia necensary to leave a pillar come rather 
within the province of the engineer than the surveyor. "When it 
has been decided to leave a pillar, it Is the eurvoyor's busineBS 
to set it out in llie correct positiou, and to see that it roniaine 
un worked. 

Size of Pillar. — ^The pillar is always larger than the building 
to be supported, in the same way a.s the foundations of a bouse 
or the pedestal of a coluuu are larger than the house itself or 
the colnoin erected. 

Ab, however, the base of the pillar is many times deeper 
than the height of the building, ordinary architectural con- 
HidcrationH do not govern the size of the pillar; this, indeed, is 
usually governed by experience gained in the locality. There 
is, however, ft general conHensua of opinion that the deeper the 
bed of mineral below the surface the larger the pillar required, 
if any pillar is left at all ; thus, if a seam of coal 50 yards deep 
and 5 feet thick is left to protect the building, a margin of 25 
yards would he considered ample; at a depth, however, of 160 
yards a wider margin will be rcijuircd, and at :(0n yards a wider 
margin still. For ample security * the margin should be about one* 
third of the depth ; thus at a depth of 800 yards the pillar should 
extend on every side a distance of lUO yards from the building ; 
it is, however, only in the case of very important buildings 
indeed that s\ich a large margin is left. Kailway companies, 
who have to buy pillars for the support of important viaducts 
and tunnels, and frequently pay at a very heavy rate for the 
mineral left, usually consider a much smaller margin sufficient, 
and will probably in no case allow a margin of more than -lU 
yards, whilst in others the margin is very much less. 

In a recent paper read before the Institution of Civil 
Kngineers,* the following rule is laid down by Mr. S. K. Kay, 
Assoc. ^r.I.C.E., as to the size of pillar required under normal 

' Bren lliia mnrjfiii ilrxn ikiI giro jinrft^nt Kourity. 

' Vol. cxxxT. VrctKiinQn of thr /■»( C* /?,. pp. I ] 4. «f wy 



4\frNE SURi^EYING. 



coiiditionfl. Let 1/ denote the depth in yards; t, the thickness 
excavated in feet; and r, radius of support in yards. Then — 

"' 08 

For example, an arched bridge for a road or railway requires 
support. The depth of tlie seam is, say, JOO yards ; the thickness 
uf Uie material excavated, say, 4 feet Then — 

r = ^ ^y^ ^^ «= 08 yards 

or a pillar extending 68 yards beyond the structure on each side, 
will give the support necessary. The following table in taken 
from Mr. Kay's paper :^ 

TABLE XVI. 
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In each case the half-diameter of the piece of ground to be 
supported must be added to thu calculated radius, to give the 
actual radius of the circle within which the coal is to be left. 

Another rule sometimes recognized is thai the pillar should 
extend on all sides to a dintance etjual to 1',^ of the de])tb of the 
Beams plus '10 yards. This rule would apply to horizontal 
seams in which the thickness does not exceed 5 or 6 feet. 

The shape of tbc plan of tbe coal-pillar left is generally an 
enlargement of the plan of the plot of ground to be supported. 
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Pillars in Inclined Seuns. — lu case the scam is level, the 
pillar of coal, by universal consent, should extend equally on 
each side of the building or griiund lo lie protected ; but if the 
seftm is inclined, then all unanimity of opinion ceases. A 
majority are of opinion that the pillar of coal should be moved 
BO that it extends further from the building on the rise side, and 
does not extend bo far on the dip side ; in other words, the pillar 
of coal is moved uphill ; the total acreage of the coal left (as 
measured on tlie plan) being the same as if the coal-seam was 
horizontal. Some mining engineers have gone so far as to say 
that the line of fracture of the strata (which occurs when the 
ground subsides to 1111 up the place from which the coal has 
been extracted) ib at right angles to the dip, and that therefore 
a pillar of coal should be placed not vertically under tlie build- 
ing, but around a spot fixed by drawing a line from the building 
at right angles to the dip of the 
seam. It is, of course, evident .SiS^ 
that this theory cannot be 
carried very far, as, in the case 
of bighlyincHned seams, itwouM 
lead to an absurdity. Other 
mining engineers deny that the 
inclination of the seam has to 
be considered, and would set out 
the coal-pilJar for inclined and 
horizontal seams in the same 
form. Each side has cases in 
support of its theory. Tht> 
author of this treatise has never 
taken either side, but would 
state that it is an undoubted 
fact that thu line of fracture is 
sometimes vertical, sometimes 
inclined ; and would suggest 
that a very little irregularity in 
the fracture might cause the 
Babsidcnce to "pull" a long 
way over the edge of the pillar. 

On this subject Mr. Kay 
makes the following remarks : — 

" It is often assumed that subsidence takes place at right 
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angles to the dip, as in bonzonial mines ; and agatn, that it taltn 
place verticatly aa being lUrcctl; due to gravitation. The author 
(Mr. Kay), howeTer, helievi^K that a line midway bctwncn the twu 
gives the more general line of break — that is to say, supposing 
the angle of dip to be 0. then the angle that the line of bre«k 
makee with the horizon is DC^ — \&, ua shown in Fig. 179. 

" In laying out upon a plan a pillar for the support of t 
bridge, as in Fig. 179, to be left in inclined seams up to :W)*, the 
size of pillar necessary may be calculated by the formula given. 
Marking this upon the plan, round the bridge, the position of 
the pillar in given supposing the measures to be horizonUl 
Its lateral displacement to tbe high side due to the inclination. 
at a depth d, is d tan ^0 cos H. This lateral displacement may 
be graphically determined as shown in the vertical section on 
the Une of dip. 

"Let A rejiresent the bridge to be supported by a pillar to 
be left iu tbe coal DD at a depth of d yards. Calculate tbe 
size of the pillar from the formula given, and mark it upon 
the luirizontal line at B and C dravm through the gronndOevel 
at A. Draw BJ and CK, making an angle of 90'' — \B with 
the horizon from B and C respectively. Then JE and KF 

represent the lateral displace- 
ment duo to the dip in the cool, 
and JE' and KF' tbe diaplaoe- 
nient in plan. This is shown 
in the plan, where the dotted 
circle represents the position of 
the pillar when, the coal is hori- 
zontal, and the circle in a full 
line its position corrected for 
dip." 

Ik is frequently necessary to 
make roads through the pillar 
for the purposes of haulage and 
veutilatiou ; the size and num- 
ber of these roads is a matter 
of agreement, and they mast be 
carefully limited to the autho- 
rized dimenaions. Provision 
should be made for tbese roads 
by a corresponding enlargement of the pillar. In case it is 
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decided tliat a solid ijillar of eoal is not reqniretl, then partial 
support may be given, as shown in Figs. IHO and IKl. 

A pillar is set out in the following manner: An accurate 
plan is made of the? surface and of tiie underground workings, 
surveyed in each case from the sliaft. The pillar aK agreed npon 
is drawn on the plan as shown in Fig. 182. 'IMie surveyor gives 
the underground steward the lengths that he may drive from 
station A on the plan. When the road reaches the point B, the 
surveyor hangs lines by which headings arc driven rouml two 
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Kio. 181. — VUiduet iuppoTUd b; « ouruber or |>illnn 
loft {a the nnlioary oniin>e of working. 



sides of the pillar; at C and D the surreyor again hangs lines, 

means of which the boundary Leading is completed. The 
sward now knowH tliat the coaE inside these headings is not to 
be got, whilst the coal outside may be removed. 

Setting out. — [n addition to preparing plans of mines ae they 
exist, the surveyor has to set out the works that are designed by 
the engineer. 

Settiiig' oat Surface Works. — The engineer marks on the plan 
the position of the shafts, engine-bouses, ofEoes, etc. ; the sur- 
veyor, by means of pegs, trenches, etc., marks on the ground 
the actual position, so that the contractor or other workmen 
can proceed with the nc^eessary excavations. When once the 
place for the excavation of the shaft or foundations hoe been 
marked out, it becomes rather the province of the engineer and 
architect to set out with minute accuracy the actual lines of 
moBonry. 

Fig. IHH shows a portion of an estate on which the engineer 
has marked the position of a shaft which is to be sunk, and 
some buildings to Ik< erected. In this particular case it happens 
that the exact position of the shaft to within a few inches, or 
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all thi; lines in a similar manner. Ah the lengths uf thn ofTsets 
as measured will probably not give a line that is quite straight, 
he will sot out a straight line running past the pegs as put 
down from the offset measured, but correcting the irregularities. 
Having set out the four lines parallel with the four sidt>» of the 
field, he will then measiu'c a diagonal, and if this does not agree 
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Fig. 183.— Sotting out nirfacfl worki. 
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with the length on the plan, it will indicate a corresponding 
error in the plan or in the setting out of the Hues by means of 
offsets. As measurements to and from the centre of a hedge 
are necessarily very rough and cannot ordinarily be taken 
nearer than a link, and in the case of a thick hedge to 2 or 3 
links, the lines as first set nut may be susceptible of little adjust- 
ments, and the real position of the line can only be approxi- 
mated by means of a great many offsets, the average length of 
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which ahould agree pi'etty iieurly with the average length 
meaBuretl from the iilaii. Having polod out the»e lincfl, 
surveyor can then talie meaBiirements from them with as mncli 
accuracy as the case requires to fix the jtOBition of the shaft by 
aetting out lines which form sides of triangles, or lines measured 
from a tixed point on one Hide of a triangle to a fixed point on 
the side of another triangle, as shown in the figure. 

In order thai, when the work is pegged out, the labour 
shall not be lost by the careless removal of the pegs, the surveyor 
should cut holes or trenches along the sides of the excavation ; 
and in order that tlie trench so cut may not be prematurely 
lost in the subsequent operations, it should be understood that 
the excavation for the foundations of the buildings is to bu 
inside the trench, say one foot. The pegs are put down at 
corners of the excavation in the trench ; a circular trench may 
be cut round the position of the shaft. As the peg representing 
the centre of the shaft will be removed as soon as the work is 
begun, four pegs should be put down equidistant from the centre 
of the shaft, Hay '2i» feet ; two iO-feet lines from tlie top of any 
two of these pegs will then mi-et in tbe centre of the shaft. For 
greater security, these four pegs may he duplicated, as shown in 
the figure. If the two cross-lines over these four (or eight) pegs 
are set out at right angles to each other, the winding-engine 
bouse and other buildings may bo squared from them. 

Setting out Shaft with Extreme Acooraoy. — It sometimes 
happens that a sbafl has to be sunk at a given distance from 
another existing shaft or precisely over some underground works 
already made, aud that it is important that the centre of this 
new shaft nhould he set out with all the accuracy attainable by 
the surveyor's art. In this case it may bo necessary for the 
surveyor to prepare an entirely new survey, both surface and 
underground. However that may hv, tlte survey, whetlior old or 
now» must of course be exact, and tbe new shaft must be set oat 
by measurements taken from the main lines of survey as shown 
in Fig. 184, and it is assumed in this figure that tbe stations on 
these main lines can be found; if not, the setting out of (be 
original survey-lines is tantamount to making a new amrvey. 
In the case shown hi Fig. 181 portions of throe main survey- 
lines are measured on the plan, triangles set out and measured, 
so that six lines meet in the centre of the shaft ; the angles made 
by tbe intersection of the lines are calculated, the cross-lines 
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liciug set out at the proper augle from the mitin survey-lines by 
meaiiR of the theodolite. The accurac-y of the original stirvey 
as shown on the plan will be tested by the remeasurcmeat of 
the parts shown in the figure and cross-lines which form ties ; 
then, assuming the necessary accuracy of the plan, the centre 
of the shaft can be set out to the twentieth part of an inch. 

Of course it will be necessary to erect permanent stations 
round the shaft, from which cross-lines can be stretched as 
shown in Fig. 1H3. These permanent stations must consist 
either of strong posts of timber, say 12 inches square, securely 
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FlGk 184.— SetUog oat poutioo of ihaft. 

fixed into holea 6 feet deep and tightly rammed, or else they 
must bo masonry pillars, say H feet square. On the top of these 
pillars must he a cap uf stone or iron, on which a centre-line 
o&n be chiselled, or, in the case of wooden posts, the centre- 
line may he cut in the wood itself. These posts must each 
be on lines connected with the main survey; the exact i-entre 
of the sbaft can then at any time be found by stretching two 
lines across the four posts ; the intersection of these lines will 
be the centre of the shaft. 
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Settiiig oul Centre of Shaft by Heridian Line. — It may be Uia> 
tbe pouitioD of the new shaft is to be set out entirely vitk 
regard to an existing shaft at a given distance and bearing If 
the geographical meridian is shown on the eurface by carefoQ; 
plav43d marks, it will be easy to set out the bearing from this 
line. In case the meridian line is not so marked oat, it may b« 
that the stations of some main sarvcy-iino arc accesaible, aa4 
that the bearing of this line has been carefully ascertained and 
checked against the hearings of the other main Burrey-Unai. 
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Fio. 185. — Setting out centre of shaft by moiidlui lloe. 

Snob a case ie illustrated in Fig. 185. In this case the pro- 
posed now pit is N. 39" 45* W., 803 links from the centre of 
No. 2 pit ; No. 1 line of main survey passes through the No. '2 
pit; the bearing has been ascertained to be N, W E. It is 
then ascertained by oalcalation that the No, 3 pit is GITDH links 
north (cos 30^ ATi x 803) and 513-47 links west (sin 3ii° 45' 
X 808) of No. *1 pit. If a line is drawn from the centre of the 
No. 3 pit iK-ri^ndiculnr to the meridian, it cuts the No. 1 line 
at the station A, crossing the meridian at B. The line BA 
is a tangent of the angle of 10^ to the radius 61738, and by 
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calculation is found to be 10886 links long. The leiiKth from A 
to the centre of Xo. 2 pit is the secant of the atigle ACB, and by 
calculation is found to be 62tJ;»l linJis long. This length is then 
measured on the No. 1 line, and the point A marked with a 
peg. Tho angle ABC is a right angle, the augle ACS is 10% 
therefore the angle BAG is 80^ ; then with the theodolite a 
straight line ABD is sot out, making an angle of 80" with the 
line AC. The distance of the No. 3 pit is 108-86 + 613-47 
= 622-33 links. 

In order to test the accuracy with which the position D is 
set out, the theodohte may be set up over this peg; the angle 
BCD is sr 45', tho angle DBC is 00°; therefore the angle 
BDC is 50^ 15', and this angle should be read by the theodolite 
if the work has been correctly done; the distance DC is 803 
linkB, and it should measure this length precisely. In ciiso of 
buildings existing on the line AC which make it impossible to 
measure the line without deviation, tho distance FC may be 
set out by fixing up the theodolite at E, and measuring the angle 
FEC and the distances EC and FE ; the length FC can then 
be calculated. This length can bo checked by fixing the theo- 
dolito again at G, measuring the angle FGC and the lengths 
CG and FQ, by which again tho length FC tan be aHcertained. 
In the same way, the length DC may be measured round any 
building or other obstruction. No. 1 lino of survey will, of 
course, be poled out, if not for its whole length, at any rate for 
a length of half a mile, so as to make sure that the real line 
has been taken. 

Setting out TTadergroond. — Fig. 186 shows a heading in a 
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mine proceeding N. 20" 15' W.; the direction of this heading 
has to bo changed to go N. 29'' 45' W. The surveyor proceeds 
to the place with his dial, and puts a chalk mark or other mark 
in the heading to guide the miners along the given hearing. 
When tho ht^ading has been driven a sufficient distance tor 
permanent marks to be conveniently ytni in, the surveyor returns 
to the place and makes three marks in the roof in the bearing 
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88 Bbowii by his dial ; at these three marks holes are drilled, 
and into the drill-holes wooden pegs are firmly driven. Thi- 
dial is now turued on. to these i>egs, and a jieuciJ-mark carefully 
made on each peg, bo that these three marks shall all be in one 
straight line, which has a bearing of 29' 45'. Into the pegs 
at these mark» a small hole is bored, and into this small bole 
is screwed a small screw with a little brass book at the lower 
end, care being taken that the centre of the hook corresponds 
with the pencil-mark on the peg. From each of these hooks 
a plumb-bob Hne is saspended. The line of pegs is generally 
on one side of the heading, say 1 foot from the right-hand side. 
The miner must now drive the heading so that a light held 
at the face 1 foot from the right-hand side shall be in the line 
of these three strings. The reason for having three strings 
instead of two is to detect any variation in the position of tht; 
pegs or hooks ; if there were only two, the position of one might 

be changed witliout 



a 



At 



»/T 



— \' 



Q. 



Flo. 187.— Method of icU^Dg out ^radiento. 






being noticed, 
every fresh tnni in 
the heading the sur- 
veyor must repeat 
the operation. 

Setting' ant Gra- 
dient. — It is not only 
necessary to set out 
the direction of a 
heading, but to set 
out also the gradient. 
This may be done in 
various ways. Sup- 
pose the road is to 
be driven level ; a 
straight - edge and 
spirit-level must be 
provided, and the 
miner or oQicer iu 
charge must from 
time to time see that 
the floor of the heftd- 
ing is level (see a, Fig. 1R7). Suppose, however, it Is intended 
to drive at an inclination of 1 in 10, then the same straight- 
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edge and spirit-level will du; but underneatli the Btraigbt-6dge 
nbould be fastened a piece of wood, the under side of which ib 
oat to the required slo])e; thuB if the etraight-edge were 10 
feet long, the piece of wood nn the under aide would be 1 foot 
deep at one end and taper away to uotbing at the other (see ?^ 
Fig. 187). For steeper inclinations a shorter straight-edge must 
be used. 

Instead of a spirit-level, a T-8(]uare and phimb-boh may 
be used (see r. Fig. 187)- The writer has designed a moditica- 
tion of the T-square for setting out a gradient by the angle 
instead of at the rate per cent, (see '/, Fig. 1H7). In this case 
a graduated arc is fixed to the T-square, with the degrees 
marked on ; a pin is fixed at a point corresponding with the 
centre of the circle of wliicli the arc is a part ; a small ring tits 
over the pin, and from this is suspended, by a fine string, a 
plnmb-hoh; the plumb-bob is shaped like the weight in the 
pendulum of a clock, and just hangs clear of the frame. If 
the heatling is driven at a gradient of 10% the siring will hang 
over the tenth degree on the graduated circle when the straight- 
edge is laid on this slope. 

A clinometer on n somewhat similar principle has been 
designed and invented by Colonel G. P. Evelyn, in which he 
uses a bubble of compres.sed air in a curved tube ; the tube is 
coired to the sweep of a circle. Adjoining the curved tube is 
ftBC&le graduated in degrees. When the straight-edge is level, 
the babble is in the centre; when the straight-edge is inclined . 
the bubble comes to rest opposite the degree on the graduated 
circle that corresponds with the inclination of the straight-edge. 

Where there is water, it is easy to drive a level ; if the water 
flows from the face of the heading, it is evident that it is rising; 
if it Hows towards the face, it is evident Ihat the heading is 
falling; if it is stagnant, it shows that the floor of the drift 
IB level. 

It is obviously difiicuU to ascertain flie precise inclination 
of a road by means of a straight-edge laid upon the rough floor. 
It may be more accurately done by raising the straight-edge 
above the floor, either by building temporary supports or fixing 
two 8ide*iK>st8, ami then, looking along the edge, adjust it so as 
to point to a light at the end of the heading, which is held at the 
same height above the floor; the angle of the straight-edge can 
len be observed by means of a clinometer, k straight-edge 
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may be permanently Bxetl to posts at the required aiigit, and 
by looking along the top of the edge from time to time, the miner 
ur the ofHcial in charge can see if the inclination of the heading 
is parallel to this fixed atraigbi-inlge. 

Instead of a straightedge, a metal tube, say J-inch gaspipe. 
may be suspended from tlio roof, and adjusted to the desired 
iuclinution by means of suspending strings or wires. By look- 
ing through the tube, a light can be fixed at the end of the 
heading which will be in a line with the tube (see Fig. 188). 




FiQ. )88.-M«thQcl ofaettiiig oat girndknU. 

A lube is sometimeH ujwd in a similar manner for giving the 
direction as well as the inclination. 

Setting^ out Cnttings and Embankments on the Sarfaoe. — In 
addition to pegging out the poHilion of surface-works, it is often 
necessary to mark the depth of cuttings and the height of 
embankments. This must be done by means of meaanrements 
taken from the drawn section. Fig. IHO is a section showing 
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cutting and embankment. In order to show the height of the 
embankment, poles are fixed in tlie ground; if they are long. 
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(.hey are staytKl with diagonal strut;!. On to these poles are 
Dailed crossi-bars, which indicate the height of the embankment : 
the poles are placed, say at chaiu-k'nglhs, alung the centre- 
line of the onabanlimenl, and their correct pouition ih measured 
from the nearest fence or other fixed point shown on the plan. 
In the absence of fences or other fixed points in the neighbour- 
hood, the position of the line has lo be set out by bearings or 
angles from some base-line. 

lu the case of a cutting, the level and gradient of this is 
fixed by eights taken from two or more cross-bars or poles fixed 
in the ground near the commencement of the cutting. By 
taking sights from these cross-bars the cutting can be made 
at the required level and inclination. 

In the case of an excavation on the top of a hill or in a Hat, 
and not on the side of a hill, two postw rauHt be fixed, one on 
each side of the excavation, and a cross-bar nailed to each at a 
given elevation above the bottom of the intended excavation ; 
the cross-bar is, say, 3 feet above the grouud, and the excavation 
is to be 20 feet below the ground ; then the cross-bar is marked 
28 feet, that being the depth to which the excavation is to be 
carried below that level. A string can be stretched from cross- 
bar to cross-bar over the excavation, and the ilopth measured 
horn these strings by means of a pole. The posts carrying the 
cross-bars muHt be ranged along ea<;l( side of the excavation, 
say at chain-lengths. 

Tonael Shafts.' — In driving a tunnel, cither for railway or 
drainage purposes, it is frequently uctresBnry to sink shafts 
along the line of the tunnel, in order that the work may be 
carried on simultaneously at a number of points. Taking the 
case of a tunnel 2000 yards long, if the rate at which the beading 
advances, having regard to the nature of the ground and the tools 
used, Ih, say, 10 yards a week, and the tunnel is started at each 
end simultaneously, the total rate will be 20 yardn, and it will 
take 100 weeks to get the heading through. If, however, two 
Intermediate shafts are sunk, each at a distance of GCO yards 
from one end of the tunnel, two lieadingB can be driven from 
the bottom of each shaft, so that the total number of headings 
in progress at one time will be six, and thus the tunnel may be 

* An ioteirMtlnfi; p>pcr on thij inbje«t will be found in tlie FroomffNj^ of CMl 
Enfineen. vul. xcii. {> 2r>0, "The Alifjrumeiil of ibt- Vt-poan Tunnel, N#« RtRltb 
WbIm," bjr *riiotn4e William Keelv, Ashoc. M. loat. O.K. 
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put through in about '^\ weeks. U is, of course, of thn utuiu&t 
importance that the intermediate lengths of tunnel sboald ha in 
the- correct position both as regards situation, direction, and level- 
As regards the position of the Hliafts, they can be set oat 
in the method already described (Figs. 1N3, 184), in case there 
happens to be a Hufhcicncy of marks on the surface and au 
accurate plan from which the measurements can be taken. 
If, however, as is frequently the case, the ground between 
the ends of the tunnels contains but few land-marks, the posi- 
tion of the intermediate shafts must be set out by lines specially 
ranged between the two onti-ances of the tunnel, supposing 
the tunnel to be in a straight line between the entrances; 
this straight line must be carefully poled out with the aid 
of a theodolite, and at convenient places stations are built on 
which the theodolite can be fixed. These stations may be of 
masonry or of timber, and must be sufficiently firm, so that 
the theodolite is not affected by wind or the movements of the 
persons observing it. The distance of the shaft from thr 
entrance can then be set out by ordinary chaining, the errors 
incidental to chaining not being of importance in this case. 
The depth of the shaft is measured from the section ou which 
the height of some fixed mark near the top of the shaft is 
shuwn. By means of the spirit-level, the level of this mark 
is transferred to the walling of the shaft, and the depth to the 
bottom of the tunnel can be set out either by chaining down 
the side of the shaft or by a measured length of wire. The 
direction of the headings is set out by means of plumb-lines 
suspended down tlie shaft, and iixed on the surface in the 
direction of the centre-line of the tunnel, or the line can be 
transferred to the bottom of the shaft by means of the transit 
telescope, as described in Chapter XJ, 

It sometimes happens, however, that the shaft is sunk on 
one side of the centre-line of the tunnel, which has to be reached 
by a cross-drift (see Fig, 190). In this case the surveyor hangs 
his lines down the shaft at right angles to the direction of the 
tutnicl, or, if he uses the transit instrument, sets out marks at 
the bottom of the shaft by means of it at right angles to the 
direction of the tnnnel. Ue then fixes his theodolite in the drift 
in the direction of these lines, and sets out an anglu of !)0\ 
which is, of course, the direction of the tunnel. Or, instead 
of fixing the lines at right angles, he may fix them at any 
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other angle that the circum«tftnct:a of the case make con- 
venieiil. The inclination at which the head is ilriven can he 
86t out hy any of the methods already described. 

Id driving large tunnels, it is often convenient to let the 
men at the face be able to Bee their position in regard to the 
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Pto. 190.— Setting ont caatro lia« of Innnel. 

oentre-Une. In this case lamps may be suspended from cross- 
bftra in tlio line, and a man at the face, placing himself in a 
line with two lamps, gets the centre approximately. Similarly, 
candles fixed in triangtilar stirrups may be suspended in place 
ol lamps. I'or the exact setting out of the brickwork, stations 
are fixed at intervalH of say 50 feet along thu tuimel, and at 
these stations are fixed spikes with small eye-liolen, placed 
exactly in the line by means of the theodolite; through these 
eyfi-holes strings can be stretched, and from these the requisite 
measurementfl can be taken. 

Setting oat Corves. — No railway, canal, or culvert should ever 
change its direction except by means of a curve. In ordinary 
canals and culverts the exact ranging of the curve is sometimes 
not of serious importance; in railways the accuracy with which 
the work is set out is of the very highest importance, as without 
that accuracy it is imi>ossible to run a train with safety. The 
surveyor has therefore frequently to set out curves both on the 
surface and in the mine. 

Curves may be roughly aet out by meona of chain and poles 
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in the manner Bbo>ni in Fig. 191. lu this case the straigbt 
portions are shown by the pieces marked ah and/"/. The tine 'li is 
prolonged indefinitely, and at a distance of 1 cliaiu from h the 
offset t-r/ is marked off by swinging the chain in the direction 
of the curve a distance equal to al ; the line Ui is now set out, 
and at a distance of 1 chain from d the offset ej is marked off; 
the line <lf is now set OQt, and at a distance of 1 chain from / 



Fio. 191.— Laying onl rniltny oorrw by tbe clmla only. 

the offset i\)i is marked off; the line fU is now set out, and at a 
distance of 1 chain the offset y is marked off; the line/*; is now 
produced, and the offset M set out ; and so on to p, being tbe 
commencement of the straight portion ^/. The lengtbft of the 
offsets a/, e)\ iflt, ij, l-l, mn, and op may be calculated by well- 
known rules (see following pages). Bnt in case tbe snrveyor 
shonld have forgotten the rule, and fail to have at hand any 
pocket-hook or text-book to remind blm, be can easily find the 
offsets with approximate accuracy by measuring them from the 
plan — the accuracy, of course, of these measurements depending 
on the scale of the plau and the care with which tbe drawing is 
made and sealed. 
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There is a tlifticuUy, however, in milking the drawing to a 
large scale when n large radius is required ; for instaaoo, if the 
radius of the curve were HO chains, then to draw the curve with 
that radius to a scale of 1 chain to an inch, would require the 
arm of a compass HO inches in length ; but the scale of 1 chain 
to the inch would be too small to give the measurement with any 
approach to accuracy, and even a compass arm of 80 inches and 
the re4|ui8ite table surface for setting out the curve might he 
difficnlt to obtain, bnt by meane of a box of curves which are cut 
in cardboard, pearwood, or vulcanite, to radii varying from V. 
inches to 240 inches, a small portion of a curve may be set out 
on a small piece of paper. If, however, the radius is not large, 
say 10 chains, then the drawing may be made to a large scale, 
especially with the aid of the wooden curves ; by taking a curve of 
120 inches radius a scale of 12 inches to a chain might be used, 
on which the offsets could be Tueasnrod with considerable accuracy. 

Setting out Carves by Offsets from Tangent.— ^Thc required 
offsets for a curve may, however, be measured with much less 
liability to error from the tan- 
gent \*i the curve, as shown in 
Fig. 192. In this case the lirst 
offset is similar to >'/ in Fig. 
191 ; the second, third, and suc- 
ceeding offsets are also measured 
from the same langent line. By 
this method, any error made in 
fixing the lirst stations </, /, /', 
merely affects the accuracy of 
those particular points, and the 
long offset at ,;' cau be measured 
with substantial accuracy from 
the plan. 

Assnnung the case shown in 
Pig. 192, here is a curve with a 
radius of HO chains (a radius 
macb greater thou is to he e\.- 
pected on a branch railway to » 
tmne); this is drawn on paper 

to a scale of 1 chain to an inch ; the tangent is drawn, and 
ofaords, •»«/, '//, jh, fij, <^tc., each 1 chain in length, are marked 
offaloi)gthe curve from the point ", where it oommenccs; the 
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length of ibo offset to tbc tangout fruin each of these points 
can be measured, aud will bu as bLowq in the- following table \— 



Hauil-s or CfRvr: Wi CnAtxs. 



DilUlKM (MMimNl 




•long <vr*« IB 


Of*rt. 


Fh«In-lMi(i&*. 


iDdiM. 


I 


(«0 4-9 


2 


(cy) iR-H 


3 


tsrA) 44-rj 


4 


(i» 7t»-2 


6 


(to 123-r. 


-6 


1780 


7 


•242-.'l 


R 


31 fi-S 


tt 


4*IO-5 


10 


494-4 



MlMtloa Mfla, 
or MKle M «e«i«. 
(ood) (J" 42' M" 
(oo/)l» 25' 57" 
(oaA)2' 8' 65" 
C«u)2' 61' 53" 
(ooi)S^ 34' 52" 
4* 17' 60" 



ly 48" 

43' 47" 

2fi' 4.V' 

It* 4.1" 



At the tenth chain (which correspoudK to an angle of V 10' 
nearly) the offset is 494*4", or 6'2*4 links, which is a length that 
can be scaled off the th-awing with approximate accuracy. 

If, instead of 80 chains, the radius of the curve was 2l) 
chainti, and a curve of 80 inches is marked out on the paper* the 
scale of the drawing would be four times as great, and the 
measurements taken from the drawing would be more accorate 
in a corresponding degree. 

Before proceeding to set out the curve on the ground, the 
surveyor hIiuuM provide hiuiBelf with a sketch-plan showing the 
lengths of tangent, offset, and chord. An offset of greater 
length than 50 links cannot be set out with accuracy by eye, 
and unless a cross-fltaff, dial, or theodolite is employed, a new 
tangent to the curve must be set out as a base from which to 
continue further offsets. Suppose that after setting out tht; 
offset k\ (Kig. 192) a new tangent is required, the surveyor can 
put a pole in at the point ^, 2 chains back along the curve; 
then the tangent to the curve from the point /* will have an off- 
set to the curve at the point I of 10-ti inches ; and if this length 
is set out from / iu a directiou perpendicular to the new tangent, 
it will give the point through which the tangent can be drawn. 

This method of setting out curves from the tangent can only 
"be practised in the pit when the length of the longest offset 
does not exceed half the width of the road, and is, therefore, 
only applicable to very short curves. On the surface the method 
will do very well for ordinary ground where there are no cliffs, 
rivers, or buildings to interrupt the measurement of the tiingent 
or of the offsets. 
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Setting oat Curves by Angles. — It l» also iiOHKitile for tho 
surveyor to set out the curve with his dial or theodolite, by 
meaeoring the angle of eacb successive chord (see Fig. 19B). 
In this case a drawing is made abowiiiR the curve connecting 
two straight portions of a railway, AB and XY. Clioids of 
i chain are marked off on the curve with a scale, and drawn. 
BD, DE, EH, etc. Taking the tangent AB ns the meridian, 
produce it to C ; the chord BD ib also produced, aud tlie 
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Fio. 103. — Laying out nilwajr oprvcs by aiigleit. 

angle CBD, which it makes with the meridian, is measured 
by means of tbo protractor ; the angle that the chord DE 
makes with the meridian Ih also measured with the protractor, 
and the angle of all the other chords. For instance, if the 
protractor is laid ou the line 'ABC so as to read 3ti0°, then the 
bearing of the chord BD, ub read olT the protractor, would be. 
in the case of a *i5-chaiu curve, l"* H'46". The bearing of the 
obord DE would be H' '2t>' 18"; the bearing of the chord EH 
would be 5* W 50", and so on. 
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To set the work out, tlie dial or theodolite is fixed at B, ftud 
the sights clamped in the direction ABC, the reroler beinjt 
at 3G0^ By means of the rack the sights are* then tnmed 
through the angle CBD and clamped with the vernier at l''8'4(i", 
and a clmin-lengili measured from B, and a peg pnt in at the 
point D ; the instrument is now fixed at the point D in the 
direction BD, the rcrnier reading as before 1" H' 40", and 
the sights moved by tJie ruck through the angle JDE, the 
reading on the veraier being mode to correspond with the bear- 
ing of the chord DE as read hy the protractor. The chord DE. 
1 chain in length, is then set out in the direction as given by 
the sights. The operation is repeated at the length of every 
chain till tlie end of the curve is reached. It will be found 
that if ecpal cliords are taken on the curve, the angles JDE, 
«'EH, /('HI, etc., are all equal, and that they are twice the angle 
CBO. It is very likely that the end of the curve will not 
coincide with a chain-length. The exact length can be measured 
off the drawing; and if on setting out this last length at the 
angle measured from the plan the point bo marked out corre- 
sponds with the point X, the beginning of the straight portion, 
it shows that the work has been correctly done. 

If great care is taken, the curve may he set out with approzi- 
mat*^ accuracy in this way. The sources of error will he, firstly, 
the measurement of the lengths on the drawing; secondly, the 
measurement of the angles on the drawing ; thirdly, the fixing 
of the instrument over the pegs. An error of \ inch at each 
end of the chaiu-leugth would cause an error of 1 in 792. Of 
course, there is no reason why there should be an error of this 
amount in setting out, because three tripod stands may be used, 
as in fast-needle dialling, and with the vernier the angle may be 
set out with great aucuraey, so that the errors in the-work will 
be chiefiy thoso due to an incorrect drawing or inexact mea- 
Burcmcntrt from the drawing. 

Another method of setting out the curve by angles will be 
found on referring to I'ig. 104. Let AB be the straight 
portion of tlie line, the curve beginning at B. C, D, E, F 
are chain-lengths measured as chords of the curve; B' is an 
extension of the tangent AB. The point C may be found by 
fixing tho theodolite or dial at B, clamping it in the direction 
BA, and then turning the sights in the direction BC. 

The angle CBD is the same as the angle CBB'; the 
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anf^le DBE is also the same aa the angle CBD, and so is 

EBF; so that the sights can bo tnrnod in saccession upon 

C, D, E, and F. To mark 

out C, one end of the chain / /' 

is held at B. and the other 

swung into the line of sight 

of the theodolite or dial, and 

the peg put down at the 

chain-end at C. The chain 

is now drawn on; the follower 

holds one end at C, and the 

Other is swung into the line 

of sight, and a peg put down 

at O, and so on. 

This method is, of course, 
only suitable on the surface, 
because the line of sight BF 
would be obstructed b; the 
solid ground, if in a tunnel. 
It will, therefore, be neces- 
8ary underground to bo con' 
stantly moving the iustm- 
ment forward along llie line 
of the curve, as previously 
desoribed. 

Of course, if there hap- 
pens to be room in the 

tunnel, and the onrve is of largo radius, a number of points may 
be set out from once fi-ting the instrument; or, if the curve is 
of small radius, it may be desirable to set out points nearer 
together than 1 chain, possibly every 10 links, in which case 
once fixing the instrument may be eu^ciout for sotting out a 
number of points on the curve. 

It frequently h}ip[>en^ tliat a curve does not end in a straight 
line, but in another curve, either curving in the same direction 
with a greater or less radius, or in a reverse direction, aa shown 
by the doited lines XY', XY" (Fig. 193). In this case the point 
X is simply the ending of the first curve and the beginning of a 
new curve. The radius of the new curve must be struck from a 
on a line drawn through X, which line, if produced, will 

'Ihrough the centre of the circle of which tlie first curve is 

z 



Fio. -IW. — lAfviSi out railway curve* 
ny augles. 
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an arc. This line is shown on Fig. 19B, VW. In setting ont 
large curves, the wooden curves previously referred to are used 
instead of compasses, iiud they iniiHt be held as if ilie centre 
from which they were struck were on this line. The curves, if 
properly laid down, will never cat each other, when produced so 
as to form a circle, and will only touch at one point, X. 

Calculation of Offsets. — In order to avoid the errors likely to 
result from scaling offsets off a plan, or measuring angles with 
a protractor, the length of the offsets and also the angles are 
generally obtained by calculation. Iteferring to Fig. 191, iu 
which the curve is divided up by equal chords, the length of tbr 
offset cd may be calculated from the rule — 

chord* 
2B 

where U is the radius of the curve. The length of the chor^ 
may be 100 links, in which case the radius will be expressed in 
links, and the offset will be in links. 

The length of the offset t/is twice the length of the offset r/^ 
and can be calculated from the rule- 
chord* 

The length of the offsets <}}i, ij^ etc., are equal to <■/. The 
offset '■(/ is called the tangrntial offset, as it is measured from 
the tangent ; the offset t/is measured from the extension of the 
chord bd at <-. 

Referring to Fig. 1!)2, the length of the offsets vd, ef, etc., 
may also be calculated as follows : — 

The chords ud, df, fji, etc., are each equal to 1 chain in 
length, and the radins of the curve being 60 chains, it will bi- 
seen that the natural chord of the angle oo// is equal to — 

chord ^ ,.l ^ ^ .pj25 
radius "a '^' 

On reference to the table of natural chords, this is found to 
correspond with an angle of 0" 42' 58". The required distance cd 
is equal to nb, which is the versed sine of the angle oad^ On again 
referring to the tables the versed sine of 0"" 42' 58" is found to be 
0-0000781 ; mnltiplying this by the radius in inches (80 X 7S>2) 
gives the length iM inches for the first offset cd. 
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The other offsets are obtatned in a tjimilar manner, and a 
rnle might be stated as follows : — 

lyl = l\ . versed sine oad 
t/ = It . versed sine oaf 
>jh = 11 . versed sine oah, etc. 

If the length on the tangent is required, it eau be calculated ; 
for instance — 

ot = K . sin ^>ad 
n« == K . sin oaj\ etc. 

As thia calculation is a somewhat tedious one, tables are 
published giving the lengths of the offsets for curves from radii 
of $ chains to 3 miles.^ 

Calculatiou of Angles. — The angles necessary for setting out 
4-«rves with the dial or theodolite can also be obtained by calcu- 
lation. Beferring to Fig. 193, the angle CBD, or tangential 
angle (so called Leeause it is the angle made by the chord with 
the tangent), is equal to half the deflection angle, or angle sub- 
tended at the centre of the circle by the chord BD, and can be 
foond by Iho following rule : — 

Tangential angle (minutes) = .. x 1718"873 

KxAMPLE.-^'WbBt is tbo taugcDtinI aaijle for a cbonl 1 chain in lengtli of a 
cirde whoee radius is 80 chains? 

Tangential oiiyltf iti nmmliis - i^o x 1719-873 

= 21-486iiiinB., or2I'29" 

The angle JDE (Kig. 193) is double the angle CBD, pro- 
vided that the chord BD equals the chord DE. The angles 
made by successive chords of equal length are also equal to 
each other, and a rule might be expressed as follows : — 

Angle between equal chords (in minutes) = j- >( 3437'7tlC 

Referring now to Fig. 194, one of the fundamental properties 
of the circle is that equal chords subtend equal angles at the 
centre of a circle, and also at the circumference, if the angles 
are contained in simitar segiiientK ; thus, having calculated the 
tangential angle B'BC by the above rule, the succeeding angles 

' Kaonc^dy and Hnckwowl'a Tablei for Seltiug out Curves. Lomion, B. lutd F. 
S. Spaa. 
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arc all cqaaJ to it. and their sum might be fouiid at once, as tbev 
are all tangential angles. 

It is sometimes conrenicnt to calculate the radios of th<a 
curve that will connect two straight portions of line. Referring 
to Fig. 195, two straight portions of line, AB and XV, are 

X 



B 



Pia. 195.— To tlnd tbo ndiu of a cnrve. 

shown. What is the radius of the ourre, commencing at B, tbat 
will connect these straight parts ? This may be found geometri- 
cally as follows : Produce AB ami XY till they meet at O ; on 
OX make OC = OB, and at B and C erect perpendiculars 
cutting in D ; then D is the centre of a eurve that will join 
AB and X Y, and the radius of this curve can be measured from 
the drawing. 

The radius can also be found by calculation, if the length 
OB fi'om the tangential point at which it is required tn strike 
the cune to the point of intersection of, and also the angle 
AOX between, the two tangents, are knoivii ' 

DB 

Thue, in Fig. 195 it will be seen that is the tangent of 

OB 

the angle DOB (wliich is half the angle AOX). 

Radius of curve = OB X taugent of auglt DOB 

Calculation of Average Dip or Inclination of Meaanies. — U is 
often desired to measure the angle aiul direction of dip. but '* it 
is not always possible to ascertain the true dip by one observa- 
tion ; it often happens that it must be ascertained from two 
observations, neither uf which is on the line of greatest dip. 

> The IcDgtb OB c*m be cmloulAtH. if llir lent.'tli uf a straiglit line 
perpamlfcular to OD Is ksuwu, by the rulv— 



I 
I 



OB» 



BC 

aiitural oiKird of tlie mtgle AOX 
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sbo'ivs in plan two Huet^ along which the dip has been 
*»a^^ted. : CD.diroction south-east 50 , dip 1 in 10 ; EF.direction 
north-east 30', dip 1 in 20. Tbeee two lineB must be plotted 
on paper to scale, showing thetr direction and position correctly, 
and prolonged till they meet in G. On the line GD must then 
be marked out a length of 10, GH (because the dip is 1 in 10) ; 
and on the line GF a length of 20, Gl (because the dip is 1 in 

5zi-^ 



Fig. 19(L — Motbod or floding thu tree dip from two obserrAtloiui. 

20) ; H and \ must be connected by the line HI, and a perpen- 
dicular to this line drawn from the apex G. GK is theu the 
direction of the greatest dip, and represents the amount of dip. 
The length GK is 8|, and therefore the inclination is 1 in 8|. 

" In a similar manner the true dip may be aecertained from 
the depth of three pits, represented in Fig. 1% by the letters 
Q, D^ and F. It is first necessary to reduce the actual depths to 
their relative depths above or below the sea-level. Thus suppose 
Q iH 150, D 220, and F 250 yards deep, all down to the same 
coal ; if the top of G pit is 300 feet above the sea-level, D HtiO 
feet, and F 390 feet.— then OO feet must be taken off D. and 90 
off F, reducing the depth of D to 200 yards, and of F to 220 
yards. Then, if the distance between GO and QF is known, 
the rate of inclination on those lines can be calcnlated, and the 
true dip set out in the manner given in the £rst instance. 

" If the dip is ascertained by means of a clinometer, and is 
recorded in degrees, the rate of inclination i2au be quickly ascer- 
tained by bearing in mind that ii is equal to the ratio of tbc 
radius of the circle to the cotangent of the angle of inclination. 
If, for instance, the radius is 1 and the cotangent of the angle 10, 
the inclination would be 1 iu 10 ; for an angle of G" the (natural) 
cotangent is 9*3, and the inclination is therefore 1 iu 9*5.*' ^ 

' *' Mining," bjr Arnold Lupton (Ixmfoiaoa, Green, and Oa). 



LeveUin^ to ascertain Subsidence of Surface due to Under- 
groond Working^s,— In order lo ascertain the anbsideuce due to 
underground workings, thoro arc two lacthods wljich can be 
adopted. Tiie firHt is lo observe the subsidence under a canal, 
resex'voir, railroad, high-road, wall, or building, the levels and 
gradienttj of which are linown ; then, if one portion has been 
lowered by the underground workings, the amount can bt 
measured. Thus in a canal the water from lock to lock is 
maintained at one level, and this level in. say, 1 foot below the 
top of the towing-path ; if the towing-path is lowered by under- 
ground workings till it becomes level with the top of the water, 
the subsidence is 1 foot. The towing-path will, of course, be 
raised, and it may again subside another foot ; the amount 
of subsidence is therefore known to those who have raised 
the towing-path from time to time. 

The Huhaidence, however, may have taken place under some 
bridge crossing the canal, which is lowered by the extraction of 
minerals from hclow. The crown of the arch of this bridge was» 
say, G feet above the surface of the water. If after the extrac- 
tion of the minerals it is found that the crown of the arch is 
only 5 feet above the water, the crown has been lowered 1 foot ; 
and until the bridge is rebuilt, the height of the arch above the 
water will continue to give a measure of the total subsidence. 

In a similar manner, in the case of a railway which is level 
for a long length, or of which the gradient is known, if the 
ground subsides there will be a hollow where the line was 
previously level, and the amount of subsidence can bo measured. 
The plate-layers will, of cnurMe, raise the rails from time to time 
as they fall ; the amount of subsidence is therefore known to 
the plate-layers, who know the extent to which the rails have 
been raised. 

In a similar manner with a turnpike road which is well kept 
at a uniform gradient, subsidence of the ground will cause a 
hollow, the amount of which can be measured. Also in ibe case 
of a long wall, the coping-stones of whicli have been laid on a 
level or on a uniform slope, any subsidence of the gronnd 
beneath would be shown by a breach in the regularity of the 
surface-line of the coping-atone. 

In the absence, however, of any such marks as those above 
mentioned, the amount of subsidence cannot be determined 
tmlflBS, previous to the working of the coal, the ground has )>ecu 
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levelled and accurate cross 'Sectious of the surface of linee which 
are marked on the plan are made ; snbnofinent lovcllingii will 
show any variation in the surface. It is necessary, of course, 
that the levels sboold start from some permanent mark which 
is not altered by the subaidence. For very accurate observa- 
tions of the Bubsidence, bench-marks Khould he made on j<ate- 
postSy walls, trees, posts, and rails, or, in the absence of a 
sufficiency of these, on posts specially fixed in the ground. 

Caadlet and L&mpi. — In ordinary mine surveying no ineanB 
of illumination is more convenient than tho candle, both for 
reading tho iustrumeut and for sighting. There are many 
places, however, where the candle cannot be used, on account 
either of wind or gas. In these cases an oil-lamp 
xv, generally used; and for reading the dial a 
small lamp made of copper, and provided with 
a burnished reflector and side handle (similar to 
a bicycle lamp), is very convenient. Where there 
is gas, safety-lamps are used exclusively. Fur 
reading the dial the lamp must be made exclu- 
sively of brass or copper, or of aluminium ; the 
latter ia a great improvement, as the \Yeight of 
the lamp often becomes irksome. A awiugiiig 
handle, as sliown in Fig. l'.>7, is also useful, 
because the lamp generally becomes too hot to 
l>e held with comfort without the aid of a handle, 
and it is impossible to hold it in the right place 
by the suspending ring. The lamp shonm in the figure can bd 
held by grasping the two sides of the handle^ and so held the 
lamp may hi- above the baud. 

Coloured Lights. — In order to avoid mistakes through multi- 
plicity of lamps near tho object sighted, some surveyors adopt 
the plan of coloured lights, so as to distinguish the lamp at 
the station from other lamps iu the vicinity. This in a good 
plan, especially where the theodolite is used, hut where the dial 
is used the coioiured glass dloiinishes the Ught, and makes it 
less easy to see at long distances. When coloured lamps are 
not used, the surveyor waits till all the Uiraps but one are 
hidden, and then takes that as the station lamp. 

It is often difficult to read a tlnely graduated theodolite with 
the ordinary safety-lamp, and a lamp with a rellector and con- 
densing lens would be a great advantage for tlnn purpose. 
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For faal-needle and theodolite work care must be taken to 
have a lamp to fit the lamp-cups on the tripod, and that the 
wick-tube ib exactly in the centre of the lamp ; uuleBS the lamp* 
fl&me is precisely over the centre of the tripod, it will lead to 
inaccuracy. 

Plane Table. — The plane table shown in Fig. 198 is an 
instrument much used iu some countries for preparing maps. 
It is considered specially useful for contouring. The instrument 
consists of a dra^ving•board, mounted on a tripod stand; there 
are levelling screws, by which the board can be levelled, and it 



Fio. ISe— PUnc table. 
iKimOXy Inif by JftMrs. W. P. StanUg cud 0».. Ud.) 

can be turned ruand on a brass ring, supported by the levelling 
screws, and revolving on a centre pin, with coned or spcciftl 
head. The surveyor is also provided with a rule (termed an 
alidade) with sights placed at its ends (iu Fig. 198 a telescope 
is shown instead of sights), and carryiug a trough compass. 
A loose spirit-level is also provided with whicb to level the board. 
The intention is to make a drawing or sketch upon this 
board, showing the salient features of the landKuape ; if it is on 
a small scale, these will be mountains, hills, churches, towns, 
clumps of trees, rivers, lakes, roads, etc. ; if it is on a large 
scale, more detailed objecta, such tm comers of buildings, fences, 
brooks, outcrops of minerals, position of shafts, etc., may be 
sketched. In the first place, it might be considered that the 
drawing on the plane table is a picture representing the land- 
scape, such as would be seen from the top of a very tall tower 
i]i finitely high, so that all the objects in the landscape would 
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appear iit tlieir correct relative positionH, and be so sketched 
upon the plan. 

In an ordinary londHcape the near objects oppear large, and 
the distant objects small ; but this would not be the case if the 
artist were at the top of a tower infinitely high, and were sketch- 
ing a limited landscape. From this great height he would see 
the buildings, hills, rivera, and lakes separated frora each other 
by tin apparent distance, which would in each case be propor- 
tional to the real distance. 

Method of working the Plane Table. — The surveyor, using the 
plane table, stands on an elevation, sd that his line of sight 
passes over hedges, walls, and other obstractions. He sees two 
villages, say 2 miles distant from him, and *2 miles distant 
from each other ; he cannot tell whiit distance they are apart or 
from himself, bat having lixod a clean sheet of paper to the 
table, he puts a mark (a) upon it, representing the place where 
be is standing (see Fig. IDO), which is, perhaps, near io a village 
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eunrch, which he sketches on the paper, and puts on the name 
of the village : this is station A. He then takes the ruler or 
P straight-edge, lays it on the pnpev with its edge on the point a> 
and directs it towards the church ^pire iu village B, and rules 
a light line over the paper, or, to avoid too many lines, rules a 
short line at the edge of the paper, writing on it A to B. He 
tlien turns the ruler into the direction of the church at village 
C, and rules a similar line, writing on the end of the line A to 
C. Jle may proceed to rule any number of other lines in the 
direction of buildings, hills, and other objects, which he de&iree 
to placH on the map. 
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U« then> leaving a flag to mark the stalion at A, proceeds 
with bis instrument to station B ; lie measures the distunce 
from A to B UM he walks by counting paces, or, as this is the 
first line and may be the base of a system of triaugulation, 
by accurate chaining. It may be that he can take the distance 
AB from some existing map with accuracy ; if the distance 
AB is not accurately placed on tbe map, then any distances 
calculated from that baae will, of course, be inaccurate. This 
measurement enables him to mark the point h on the line ah 
previously ruled. 

He now fixes the tripod with the point h on the paper orer 
the station B, and turns the piano table until tbe point a on the 
paper is exactly in the direction of the station mark at A. He 
now takes the ruler, and places it on the paper with ita edge on 
the point h, sights to C, and rules a line. The intersection of 
this line be with tbe line nr gives the exact position of the 
point C. If the bartB-line AB has been accurately measured, the 
position C is accurately fixed, and tbe distances BC and AC 
can be scaled off tbe plan which is so made. 

From the position B the ruler may he directed towards all 
the other stations previously sighted from A, and by the inter- 
scctious so given their positions are all fixed upon the plan, and 
if the angles are not too acute, tbeir positions are accurately 
fixed, and in addition lines may now be ruled towards other 
buildings, hills, etc., which were nut seen from station A. 

The surveyor then proceeds to C, fixing the mark v over the 
station, and turning the plane table till /* on tlie paper is in tbe 
direction of station B ; and, of course, (i on the paper is at tbe 
same time in tbe direction A, if the work has been correctly done. 
He now lays tbe ruler iu the direction of the stations sighted 
from B, and marks the intersections by which the poaitiou of 
all these places is accurately fixed. Tbe work may thus be 
continued without fresh measurements from station to station. 

Tliis is a system of triungulation exactly similai* to that 
described in Chapter VII. for use with the theodolite ; but instead 
of booking angles iu a note-book, and subsequently plotting 
them with a protractor, the angles are all drawn out by sight 
upon the plan, and no booking is necessary*. If the survey is 
started with an accurattOy measured base-line, and suthcient 
care is taken, tbe result w[ll be an approximately accural^-' plan 
suitable fur a preliminary survey. 
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To get the tnble Icvol, a small pockct-lcrcl is placed upon 
it ; a finn pencil v& used iu ruling the liues. 

Sketching in Contours, Roftds, etc. — \A'hei) the instrumeut is 
set up at the first station, ouly rudiaJ lines from the station A 
can be drawn ; but wbon the instrument has been sot up at B, 
and intersections at C and other places marked on th<d plan, 
details of the landscape may be sketched in. The pottition C 
Ua\-ing l>een accurately fixed on the plan, shading may be added 
to show that it is a hill ; the position of a river running past A 
and B may also be sketched witli approximate accuracy ; and 
a road or railway going from A to B may be sketclicd on the 
plan in the same way. 

When a telescope is used instead of plain sights, the plane 
table becomes a much more precise instrnment. The telescope 
is fixed upon a ruler which has a broad base, so that it is 
not easily upset. The plane table being fixed level, the vertical 
lixifi^of the telescope is, of course, vertical. The telescoi>e can 
be moved through an arc, so as to measure elevations and 
depressions. A spirit-level on the top of the telescope is a check 
uiK>n the levelling of the plane table. 

By means of parallel bairs the telescope can be nned for 
taclieometry. By tliis means positions can be miirked upon the 
plan, when there are no intersections, by simply ruling a line 
in the direction of the object, an<l measuring the distance by 
the reiitlings of a stafi" seen through the telescope. 

Advantage of the Plane Table. — The chief advantage of the 
oae of the plane table is the facility for sketching in the 
contours of hills, and the course of streams and riverh from a 
vantage-ground. With the main stations accurately fixed by 
intersections and tacheometrical measurements, the details may 
be eketched in with considerable accuracy in a short time ; 
wfaere&s lo do this from measurements and angles recorded 
in the note-book would require a great deal of measuring and 
note* taking. 

Plane Table and Trough Compau. — The plane table is often 
used with the trough compass. The compass is placed on the 
table and turned until the needle is parallel to the centre-line of 
the box. This direction may bo ruled ou the board, aud at 
every fresh station the board may be turned until this line so 
marked comes into the meridian. If this is done, it obviates 
the necessity for taking a back sight as a basc-Une for fresh 
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intersections, as every line roled upon the plan makes an angle 
with the nmridiau. It is better, however, to use the needle as 
a check upon the accuracy of the work done withcufc it than as 
a substitution for it. 

lu the United States it is the practice to make the field-map 
twice the scale of the map to be published ; thus any erron 
2nadc in the origmal survey are much reduced. 

In tlie topograiihical laud survey of Wurtemberg the drawing 
on the plane table was ^i^^, or 25^ inches to the mile, and 
the scale of the published plan was .,n&iro ; thus -100 plane-table 
sheets wore required for one published map of the same size.* 

Plane-table work is most suitable fur countries where a con- 
tinuance of fine, dry weather can be expected. 

For rapid work the piano table may be used strapped to the 
arm, and in this case a magnetic compass is often filled to the 
table, so that it can always be held ia the meridian, anil 
the bearings of the various points sketched, as the angles could 
not be taken correctly from a fixed base without the use of a 
tripod. 

Simnltaneoui Use of Two Plane Tablet. — By the simultaneous 
use of two plane tables the intersections of Uiaes of sight can be 
obtained with increased rapidity without the need of permanent 
stations being fixed, or for refinding stations observed from the 
first position of the table. 

In some cases a llag may be carried by a horseman ; at 
every place where he stops the line of bis direction is marked 
on the plan, and their intersections found by subsequent com- 
parison of the two plans.' A surveyor using the plane bible 
has constant opportunities of correcting his drawing as he 
cbangea his station, and ultimately arriving at a fairly correct 
representation of the chief features which are important for bis 
purpose. Sach a plan would be useful for many mining 
purposes, especiitlly in conjunction with photographs. 

Portable Boards. — Boards are sometimes made to roll up 
with liglit folding tripods, so as to be easily carried by a 
horseman. 

' .J. Pieroc. Jimr., 5I.A.. AI.UE.. "Beoiiomie Um of thft PUao Tfcblc," Ua. 
a £., p. I«7. Tol. xcli. 

* Pierce, cm tbe Um oTUid Pliuie Table. 
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The propertiee posBGaaed by the magnetic needle have enabled 
it to be used to advantage in searching for ore deposits. Instru- 
ments for this purpose have reached a high state of perfection 
in the country of Sweden, and Professor G. Nordenatrom, of the 
Stockholm School of Mines, gives bm account of these instru- 
ments and the method of using them, in a valuable paper read 
before the Iron and Steel Institute, tit their Stockholm meeting.^ 

Magnetic iuatruments have been employed in Sweden for 
more than two hundred year* iu exploring for ore. This fact 
can doubtless be ascribed to the uiterest for exploring for ore 
among the mining engineers, and also among the inhabitants 
of the mining districts in general, the Government cncouragiug 
thia interest by rewards to such as discover new deposits. 

The ores ot'curring moat frequently in the country n,re the 
magnetite iron ores, which are strongly magnetic; the next 
commonest, the hematites, are also magnetic, but in a lesser 
degree, since they are always more or less mixed with 
magnetite. 

Other ore deposits, such as copper, ziuc, cobalt, uud nickel, 
have also been and may be found by the aid of tho needle, since 
these ores contain a greater or lesser proportion of magnetite or 
magnetic pyrites. 

The miner's dip compass was introduced in 177U, and by ita 
use all the Swedish iron ores have been explored. U was con- 
strocted us foUowH : In a round brass box u magnetic needle 
is suspended in such a way that it can move freely on a 
horizontal plane and on a vertical plane to an angle of about 

I'uMiiihed in Engiaetrituj. RonUmker 34) aoJ < Ictulier IT, 18^8, fiom wtiicb thf& 
iptioD and UlosUntuma are lakon, «riUi Uic BHllor'a kintl puiinUMon. 
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70^ from tbe horizon. It is compen»ftted for the earth's 
maguetism, so that it takes a horizontal position in distriots 
Toid of ore, or where there are no magnetic ores. As a rale, 
miner's compasses uithoat gradnatiun are used ; the horizontal 
plane of the needle is onlj indicated by a ring inside the 
compasR. The dip of the needle is estimated only hy tbe eye, 
and is not actually measured. 

The miner's compass is still used, and with success, for 
exploring for ores, but more particularly for the preliminary 
exploring work in ore fields. 

In later times, however, the demand for more accurate 
results has grown, and during the past thirty years there hare 
been introduced mf^nt^tic instruments by means of which a still 
more exact knowledge of the magnetic conditions of our iron- 
ore fields can be obtained. 

Thal£n'i Magnetometer. — This instrument, constructed by 
Professor Thalen, of the I'psala University, is a modification of 
Lamont's theodolite. 

It consists of a docliuatiou compass A (Fig. '2()0) of about 
80 millimetres (3 i^rt iiiches) in diameter, which is provided with a 
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Fro. 200, — PIrd Hod side eUnaiott of TbaWD'« iu«gnotometet, 

scale graduated to degrees and half-degrees from 0' to itO . Af 
right angles to the diameter, which passes through tbe zero 
point of the scale, there is attached an aim B from 200 to 220 
millimetres (7; to Hi inches) long. 

On this arm, which is graduated in millimetres, is placed the 
bar magnet C for the deviation measurements, which can, at 
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ttte will of tbe operator, be given a certain fixed distance from 
the centre of tbe needle. 

The instrument is rotated on a vertical axis, whose central 
line pa88eH through tbo centre of the magnetic ueedle. It ia 
provided with a spirit-level D, sights E and F, and levelling 
screws, and is placed on a tripod. 

This instrument, which has been in use for more than 
twenty-five years, is now used principally for measuring hori- 
zontal iutensity. In so doing two methods may be used — the 
tangent method and the sine method. 

In using tbe tangent metbod, tbe magnetic needle is first 
placed at zero, after the instrnment has been levelled, and the 
bar magnet has been removed from its place. Then the bar 
magnet ia put in its proper place on the arm, and the angle of 
deviation a is read. 

In using the sine method, the bar magnet is put In place on 
the arm. Then the magnetic needle is placed at zero, and, after 
the bar magnet baa then been removed, the angle of deviation a 
ia read. This latter methml gives tbe more accurate results, 
hut in practice tbe tangent method is generally used, partly 
beoAOse it is more convenient, and partly because it is every- 
where applicable, which is not tbe case with the sine method in 
certain pointn of tbe ore field north of the ore mass. 

Method of using the Magnetometer. — Before the measurements 
are begun, tbe instrument i.s adjusted at a place where there are 
no magnetic ores, and consequently no other magnetic force than 
the earth's magnetism. The angle ofdeviation found here is noted 
u^, and is generally so arranged that it is ei]ual to 2.'j^ or 30\* 
Then begins the measurement of the ore field, which for this 
purpose is divided into squares with sides 10 metres in length. 

By tbe aid of the tangent method tbe angle of deviation a 
is afti'rwards obtained in each corner of every square. These 
a valuea are noted on a map (sec ideal map, Fig. 201), and the 
points for which eijual angles have been obtained an: joined. 
This gives two systems of curves, which in a more or less 
regular manner are grouped round their centres. One of these 
is situated north of the ore, and where the a values are greatest, 
and is therefore noted with a maximum ; the other is situated 
either <Urectly above the greatest mass of ore, or somewhat to the 

' Tbfl hdbIo of (leriatioa moana tbe oogle belwe«n tbo mignotio toeriiliftii knd 
tbe powbOD of Uio eompMB OMdld, lod tbe deriatton U caiued b; tbe bu nuigBot. 
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soath of it, and repreeentH the smallest a value, belug therefon 
noted with a minimum. Between these tvo Hets of cnn'efi 
there is a wavy line, whose angle of deviation ik the same u 
obtained where there is uo ore, and it is noted with <i„ ; this 
curved lino in called a neutral line. 

The line which unites the maximum point and the minimum 
point indicates the direotiou of the magnetic meridian of the 
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Bod Tiberg'B incUuator. 

ore field. The centre of the greatest mass of ore is situate 
either at the point of intersection of the magnetic meridian 
and the neutral line, or else directly under the ])oint marked a 
minimum. In order to get correct results, the levelling of the 
ore field which is being measured shonld be known. 

Tiberg's Inclinator. — This instrument has been in use since 
1880, wlien it wan invented by E. Tiberg. It oonsiatK of a dip 
compass 80 millimetres in diameter, graduated from 0^ to 90^, 
and a magnetic needle so hang that it cannot move except in 
the plane of the graduated circular scale. The instrument 
furtliermore differs from other dip compasses in tliat th« centre 
of gravity of the magnetic needle is a little below its horizontal 
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when iLe compass is in a verticiil position. The needle is 
tpensated for tbe vortical force of the earth's iiiagnotism by 
a piece of wax or by a euunturbHlamre uf aluminium iised to it. 
For some years tliis instrnment has been generally used in 
combination with Thalen's magnetometer, and by means of this 
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combination meaBoroments according to both Tbali^n's and 
Tiberg's methods may be quickly made. Tbe combined instru- 
ment is illustrated in Figs. *202 and '203. Fig. 202 shows the 
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instrument furnished with Tiberg's compass, but in Fig. 203 
Thalen's compass is substituted. Iti order to make it possible 
to use first the one and then the other of these compasses, 
they are provided with axle-pins fitting into tbe bearings 
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in (he Rt&ndards a. The centre-lines of the axle-pins in the 
Tlborg compass nin through the zero points, but in the Thalcn 
L'ompaes through tlio !K)" paint. The instrument ih rumished 
with a Bpirit-level 6. a transverse arm c, and Bights fl. The 
arm c, secured on one of the standards, serves to receive the 
bar magnet for the deviation measurements, when measuremeutii 
according to the Thalen method are to be made. 

Tiberg's Method. ^Tho instrument is first adjusted on per- 
fectly neutral ground. After the ore field to be explored has 
been divided into squares with sides 10 metres long at the moat, 
observations are made with the inclinator in each comer in 
every square, in the following manner : The compass is placed 
horizontally, and in turned on the horizontal plane till the 
central line through the axle-pins of the compass is at right 
angles to the direction of the needle, or, in other words, so that 
the needle is placed at 90 ' ; then the oompasa is turned on its 
axle-pins so that it has a vertical position. In this position the 
needle ia only affected by the vortical component of the attrac- 
tion of Uie ore, and this causes a greater or leaser inclination of 
the needle. If the magnetic force of the ore is P, and the angle 
of inclination is V, then we have P = K tan V. 

If we mark the value of V on a map, and the points for 
which equal values are obtained are united, we get a system of 
curves which are more or lyas regularly grouped round a certain 
centre whose V value is greater than tbat of all the others. 
Immediately under this centre, where V = V max. (see Fig. 201), 
the greatest mass of ore always occurs. 

Uie of luitnuDenta Underground. — Besides for surveys at the 



I 




Fta. 2(M. — Hethod of pnwpicsGting iinilcixrQUiKl. 

surface, both these instruments are used for surveys under- 
gronnd. For this purpose the sine method is generally used. 
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If H (Fig. 204) is the horizontal component of the earth's 
magnetism, and F that of the ore, and R is the resultant of 
both, we obtain for each point of observation R,, R,, R3, etc., 

according to the formula R = H —. — ^^ where «(, is the angle 

of deviation found when there is no magnetic ore present, and a 
is the angle of deviation as read in the gallery of the mine. If 
we give an arbitrary value to H, which is considered to be a 
constant, we get the lengths Rj, Ra, R3, etc., and also their 
direction. The length and direction of the component F is 
then obtained by construction. The position of the centre of 
the ore sought for, c, is indicated by the direction of Fi, Fj, 
F3, etc., all of which converge more or less to this centre. 

Professor Nordenstrom concludes his valuable paper by 
expressing his opinion as to the value of magnetic measure- 
ments in all countries where magnetic ores are known to 
occur. 
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HITTHODS OF 711IDINO TIIUB NORTH, OR OBOORAPHICAL MERTDIAK. 

In connection with every important iniuiug survey it is highly 
desirable that a line in the direction of the geographical meri- 
dian, that is to say, a north-and-south line, should be set 
out and fixed by permanent marks for a considerable length, 
say 10 chains. These marks should bo on pillars of brick, 
stone, iron, or oak, and the centre line indicated with great 
accuracy. There are many ways in which the direction of the 
north polo or of the south pole may be ascertained. The bud 
is the best indicator of direction in the temperate regions. In 
the northern hemisphere, north of the tropics, the sun is always 
due south at noonday ; and in the southern hemisphere, south of 
the tropics, the sun is always due north at noonday. On tbe 
norlhernmoat tropic the sun is vertically overhead at noonday 
on June 21, and on the southernmost tropic the same is the 
case on December 22, while at the equator the snn is in tbe 
zenith at the equinoxes. 

The following are some of the metfatKls used by surveyors fur 
ascertaining the north-and-sonth line: — 

By Equal Shadows of the Bon.— At apparent noon the sun, in 
tbe iKirtliern iiemi:iphere uoitU of the tropics, is due south, and 
the sbadow thrown by a vertical pule' would represent the direc- 
tion of a line joining the north and south poles ; that is to say, 
the true meridian. At equal times before or after apparent noon, 
the shadows thrown by the jiole would be of equal length. This 
method is applied in practice as follows : A vertical pole, shown 
it) plan at O (Fig. 105), is erected on the south side of a level 
surface. A few hours before noon a mark is made at the end 
of the shadow caRt by the pole, and a circle is described having 
its centre at the foot of the pole O, and with radius equal to 

' MVliero tb«r« U Khi-lter Irom Uic wind, a ptoiDb-lioe might Iw ratntitnUMl (or 
Ibo pvto. 
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the shadow OA, Ai an equal interval of time affer noon thu 
shadow will be again equal to OA, and the position of the end 
of tho shadow is marked 
at the exact point, B, 
where it touches the circle 
already described. The 
arc AB is tben bisected 
at the point C, and the 
line OC represents the 
direction of the true meri- 
dian. This direction may 
be producMi and pegged 
out on the surface. If 
two or three circles are 
drawn at different hours 
before noon, and the two 
points marked in which 
each is touched by the 
shadow of equal length in 
the afternoon, a number 
of arcs are obtained ; 
these may all be bi8<*cte<l, 
and a more accurate re- 
sult obtained by taking 

the aTerage. Tuis method is only perfectly correct at the time 
of the solstices (.Tune *il and December 22). To get accurate 
results the ground should be quite level and white, and the 
circles of large diameter, so aa to minimize the eflfeot of any 
error in fixing the exact position of the end of the shadow. 

Meridian Dial. — Mr. E. T. Newton of Camborne has utilized 
the principle, and constructed a special instrument for obtaining 
the true meridian. This consists (as shown in Fig. 206) of a 
brass ring 10 inches outside diameter, and 2 inches wide, with 
four ai-ms and central boss ; this fits on to a dial from which 
the sights have been unscrewed. The ring is provided with an 
alidade working round a centre pin in the boss, with plain 
sights at each end. A pillar Si inches high is screwed into a 
hole exactly in the ctintru of the boss. This pillar may either 
(*nd in a noodle-point, or may have a small plate fastened to the 
end, in which a small hole is pierced. If the former, a shallow 
is cast ; if the latter, a small bright spot. 



Fio. 205. — FiDdinit iiorth4Bd.MHith Itn^i b^ 
ibajiows of nin. 
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As the position of the sua altera during the day, the shadow 
or spot crosses tlifftireut oirclcs drawn on a whitu celluloid disc, 
which is 8ucurod lo tlie hrass plate ; the circles are struck from 
tile centre of the hoss. The points where the spot or end of tbe 
needle shadow touch each circle arc marked. The two points 



^ 



C*fluu 



'O,, 



M- W " *t 

Fw. 20C, -HeridUn iHnl. 

on each circle equidistant from the centre are joined by a 
straight line, which is bisected in each ca^c ; a line drawn from 
the centre of the bosB through these bisections (which, if correct, 
will he in the same straight line) will be a uorth-and-soutb line. 

The alida<1e can now be fixed in the direction of this line, 
which may then be set out by means of the sights. 

The declination can be read off from the compass needle of 
the dial, which can be seen through the openings between the 
arms conneetnig the ring with the centre boss. 

Neither of the above methods provides for accuracy, and they 
are unsuitable for imi>ortant surveys. 

By Equal Altitudes of the Son, or ft Star. — If a theodolite be 
substituted for the polo (or pUirab-line), the altitude of the sun 
(taking, say, the lower edge) may be observed very accurately 
before noon (at, say, 10 u.m.), reading the azimuth circle 
simultaueously. The observer then waits until the sun roaches 
the same altitude after noou (at, say, 2 p.m.)^ and again 
observes the azimuth. The mean of the two azimuth readings 
would he the south point, very nearly. A small error wUl 
arise from the sun's motion in declination during the interval 
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;ween the obsen'ations. But tlie amount of this error may be 
Tery easily caloalatcd. It would cot, as a rule, amount to more 
than Tour or five minutes of arc. If, instead of the suUr any 
bright star be observed, this method admits of great accuracy. 

Ilk order to c«)culAt>) the error flue to (he- Hun's motion in dedinrttion, tlic 
following facts niiiBt do consiJoreH. From Decombar 21 to June 21, tlie sun Js 
niing higlior in tlie la'rtvcns ftt noomlAy in the tiorthem lipniiflphere (north of tlio 
Sropic of C-ancer). niiti of cou.ntc is falhng in the Aontiiern hemisphen! ; and from 
Juna 21 tu Decumher 21, tlie sun is falling lower in the heavens at noonday in 
the nortlif^ru ht-miHpltore, anrl of oonnie ih rising for tliu hivvat {leriod in ifao 
Bontbem hcmispboro (Miitb of the Tro[iic of ('apricoriO. 

This ristng and falling is duo to tint vruiitioii of tho declination of the earth's 
axifl of rotatioB, towards or from tim sun. 

At the cqainoxeB, that is, abouc 5lArtib 21 and September 23, there is no 
declinatioix (theee dates are for 1D02). 

Aft«r March 20. the dectination (see Xaiitical Almanack; is imrtli, and 
increasos each day about 23 miniitoa or about 5fl seconds par hour ; but the rato 
of incrcasv or variation gradually diminitibes ati midauainier a^iproachtM, uatD 
the niaximum northcru declination of 23' 27' u reached ou June 21. 

The rate of variation un June 1 U 21 seconds pur hour. Ou June SO it It 
2 Beoond» per hour ; after June 21 the rule of variation |i;rBdnaIly inu'reAHus to 
about 59 eeoonds per hour at Iho Soptutnlier eipiinox, after which tJio rate of 
variation gradually decreones, until the niaximum HoulJiern declination of tioarlv 
23" 27' is reached on Dwombrr 22 (HKf2). 

If, then, tho obaorvatton t» niade an June 21 or Deconibor 22, no correctloo 
for variation of declination is necwAtiry. 

If the obserroUoD ia made od March 21 or September 21, a corroctioQ niuat 
be made, due to a variation in decline*- ■ ^ "■ '" ■ ■ -i '- :i- r hour bptwot-n Uie 
timcii of the finit observation (say li' d observation (yay 2 

p.iu.). Between tbo above datea a trtwtnrtM^i^joo^irt^iiii^Bli t bo made, tho 

" ' At llie 

■' hour 

far 

I Li« 5 




)n ai £. 
3I6<* W 3H ". 

Bun'a declination August 16, 13° 21'. 

I>ifieroDC« of declination = — 41^ secontln x -1 hours — —192 sccondii. 

\m. dec. = - I'»2 " tog U 2-2833 

Declination = ir 21' log cosine 9-y»81 
A/iraulh = 43^ 20' lodcoeocant 0*1634 
Altitudo - 44° .V2' tog aecant 0-l49fp 
Latitude = bV 'i.W log aecant 0-2056 

2^78118 
olo given by Mr. Q. R. Oavidaon. Koyal ObterTtttory, Uroenwioh. 
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whicrlt {h tho lug of -til6" = -10* 16". 



Six-oikI awmiith = 316- 4!!' 38" 
Con-ection = — 10' HI" 



Slfi" m' 22" 
Fint Azimuth - 43° 20* 40" 



Mean 



vm" v 1" 



Obaerration of tbe Son at Hoon. — Mr. S. A. WarburEon of 
Muira, near Asbby-de-la-Zoucb, has sent tbe author tbe rolluwinf; 
deKcriplioii of hi« inetlicil. The inetrumetite he uhcb are a good 
theodolite, and a good watch set to Greenwich mean time : — 

" The method which I employed was to ascertain, by obser- 
vation, the actual passage of tbu sun's cejitre over the meridian 
of the place of observation, which seems to me to be tbe beat 
method, only there are a number of calculations to be made, and 
it is necessary to have a good watch set exactly to Greenwich 
mean time ; this must be got by setting tbe watch exactly at 
10 a.m., or other telegraphed hour, on tbe day of observation 
by a time-ball. 

" Now, Greenwich mean time la not a]iparent time, tbe latter 
being solar time, such as would be given by a sun-dial, ami Green* 
wicb menu time noon is not apparent noon, the difference being 
about l»i minutes at one time of tbe year and varjring to nothing; 
these differences are given for every day of the year in the 
Nautical Almamick. Take, for instance, a certain day when 
from tbo Nautical Almanack you find the solar time at Greenwich 
to be lU minutes 5 seconds earlier than Greenwich mean time ; 
this wonid mean that a theodolite pointed to the centre of the 
sun at Greenwich at 11 hours \S} minutes 55 seconds, would 
give the true Greenwich meridian ; bnt as our place of observa- 
tion is not likely to be at Greenwich, but some place east or 
west of it, another factor is brought in, and a correction for 
our longitude east or west of Greenwich must be made ; again, 
we are unable to observe the sun's centre with accuracy, there- 
fore his right or loft limb is observed ; then adding his aemi* 
diameter (if we observe his left limb), we find bis centre. Tbe 
sun's apparent diameter varies with his distance from the earth, 
and his semi-diameter is given in the Nautical .Mmanack for 
every tlay in the year at mean noon. Kirat, then, we must know 
our longitude east or west of Greenwich, and in order to do this 
take an Ordnance sheet and draw a vertical line through the point 
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of observation, and the longitude east or west will be given on the 
lop and bottom of the sbcct. Take the following example : — 

■' PUce of ( rtworvation. Ilvde I'ark Comer, LecJi*. 

•' Date, t)cU>l«r 'i, IHIMI. 

"Takt! ttio 1" Ordnance sheet,' nnd (Intwinf? n vertical line throttf;h llyJu 
I'ark '-'orner. wo sliall fiud that it is sitiuitetl in knis- 1° 33' 40" W. 

•' Itefcrrinit to the NouUcbI Almiinairk [or Hiowri's}, wo Ke« iJiat on Octulier 2, 
lliv oqimtion of titnc ia 10 minutea 3H-i} Hccundx tii bu nddotl to mean time; 
ill oilier words, tlmt IM tnlnulcs 38'>^ »ccumLs imiist be uddi.^ lu Ureeiiwit'h time 
to Riid the iippAreiil tiinc at tinwiiwivh. 

Thus whfti it in niduii iiooii «l Oreoiiwich bjr the chick, the real or apparent 
hytir hy the sun \* 12 houra 10 miimtvs 38 sccoiids, and t^ie n|i[Htrcnt noon ia 
VI liours Ic»8 lU' 38'3" = II houih 49 minuteft 2] '7 spcoihU, 

" We iniiitt licit reduce otir \° 3.T 40" W. long, into time. Now, 15** longlttide 
s 1 hour of time; therefore 1° = 4 mtntit«A, and 1' = 4 Hecomla of time ; and 
I" 53' 40" = I'l miniilcx l.^i wroitdn vpr}- nmrl)- ; and m it w mwt longitude, wu 
inUHt add tlii^ to the time wu know the tni» suti imne*^) the nioridUn of Ureeo- 
wjcU, which we liave aintuly round to he 11 Iioutk 49 minutea 21*7 aeooiida. 

Uia-Mla*. See*. 

11 49 'il-7 = triM nnipABMti the meridian of (ireeawich. 

ti I j-<» = timo takao bjr sun to Arrive at long, r :i'S' 40'' W. 

11 55 34)-7 = time (Qreenwtcb niean time) of nun pMaif^ long, 1° .^T 40" W. 

** We can now wt nji mir theodolite, tittcd willi c(doure<l ■•yc'itiece for >oUr 
observations, anil we will obaerre the left limli of the mm. and. witii the Tcniicr 
clBni|>ed at 3<»'', follow tJic win with the tangent acrew cairyinj; tJic whole 
inslruineiit (aa tiie tcIeiKOiie will ]irohahlr be an iovertitig one, we abAll appear 
Id be olj*wrring the right limb, and tb« ana la be SMMriof from rif^t t/> left; : aay 
we begin tbia at 11 bottra M mniuteB \ff oar enmctJy limM watch, tlieti at 
1 1 honni 65 mhnilca 3([ seoooifa «e Afp, beesuae at Ihat nunnant lb* miu ia mi 
our meridian. 

" Keferring to tlie Nanlktl AJnuMi^. w« frid ifaal Um ■»*• wtnJ-tBanwttr 
on Odaber 2 ia It' trH" ; we AdTWHC our vanier lo rewl 16' O-^", aad irar 
l«le«oope ia now in the tiw iDeridiM br «ar p1m« of oteemtiaa. lUd lh« 
right bmb of the son been ufc—rrtil, w« rfuMkl have h«4 to brii^ tb« vtmlcr 
iNuk HI' OM". 

" IF we caaool obtain orr liiapfata vttk or «aC fnni a» Orilaaaai M^i *• 
moRt do it frcNB aa atha, onl/. aa il^ will noC pw% % •ity totaaUty, «• matt 
mind and OM the MflM ion ia m« fatur* 1 1 iir >■>!»>■ at iIm mum phw la 
im t/tsamm the Mcarary of dw raMb vOI tm 
ii amrtaWw *• loactoAt. 



ortler lu avoid 
alTM-ted by aojr 



•* To MttT^ iMtadt iala lSm», iirfi|lj tta 4va» I7 4»bm4 lib wiU xfti" 

youmiontM; ■irili|jj ^•■■aiteiliyJi.aaJifchwMViiiaiiuiiiaii; mmitaOOfty 



Utt nooodi br 4, a^lMi w9 ana 
*• Td miaee (T l«r 30r' ta tK 



afai 



U 



*4 411" 

By ObiemtiM cf tke P«te fUr,— IV fK4« ■« 
Unw MiDorU> u 1 U' froa IIm MvSli M« o' ^ 
■ Tb>6-i*AOiliiii I May|»— igiHir— awwy WaJUffOal 
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Kiu. '207 —Finding north 
b; pole star Mitl otbera. 



moves iu a circle round it ; twice in 'Zi liourn (more precisoly, 
'<iS houre 56 minutes) it is in the true meridian. Another star 
knuwQ as AUoth (i Ursffi Majoris) comes 
into the meriijian on its right ascension 
about half an hour before the pole star 
reaches the meridian on its lower traneit. 
Thus if the pole star is sighted with the 
vertical hair of the theodolite telescope, 
and followed till the vertical line through 
it cuts the star AHoth, then, if at the 
moment when this happens the theodolite 
is clamped, we obtain a line approximately 
in the meridian. If the observation is 
made when iUioth is below the pole the 
line is 17 minutes t^aat of north, and if 
when Alioth is above the pole the lino is 
17 minutes west of north. The north star 
is exactly in the meridian some 31 ^ minutes 
after the above observation has been made, and if the telescope 
is then directed to the north star, it will bo exactly in line with 
the trae meridian. Fig. 207 shows the relation to each other of 
Polaris and Alioth and some other stars of the Ureat Bear, and 
shows the north star veitically over the pole and tbe star AUuth. 
The " upper transit " — that is to say, when the pole star is above 
the polo — is the most convenient, because at the lower transit 
the star Alioth (t Vrsa' Majoris) is at its upper transit and too 
high to be conveniently observed.^ 
A second method is as follows : — 

On referring to Fig. 20H it will be seen that there are two 
points, B and D, which represent the extreme easterly movement 

* This flgOR) or 31 naloDta U oorract for iLc jeia 1001, but tho Um« InenMCf 
Aitliorfttfiof about 23 k^ooimIs n ]r?ar, and in 1911 it will bo itbout U5 BUniit«& 
The correction for any jre&r may be foaad on ntenaoe ti Ibi! Nnutlcal Altnuinek. 

For tlio year lifCH.tho right nsoonaion of Polntis is I hour 23 miimtw S7 MecniB, 
Mid Die K.A. of Alioth i» 12 houra 49 miiiuteB 41 aooaDd^ tbo dUTanrnM bctwwo 
Ibe upper tmRKil of PulitrLa und (bo lower truiiit of Aliolh' bt>ing X% minulcB 17 
Hsoonda. AUuth and Tolaris uo (n tbo aojito rurtical liao i miitotet itfter tlie 
truislt of Alioth; dMluoling thwo 2 misotei lesrci tbo fDlerrml of 81 miauW 
mbovv given. 

' In England. wiUi tbo ordiaarytclMoopcor a ttiuodolilv.tlio upper (rftuut(right 
aMooiion) ot PoUrLa may U olwctveil at Diglit in ibo mnotlia of Biqiteffiber, October, 
NoTtunlier, Deounbor, and tbo lint twoire dayi of January, and tbe towet trantit 
nay ba ob«frT«d bdtwMD January I and May 12. 
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20«.— PimiioK north by polo 
slarocily. 



^nd the extreme westerly movement of tbe pole star. If 
ubservatioDB be taken of these two points with a theodolite, and 
the angle bisected, then the bisecting lino would pass exactly 
through the i>ole, i.e. would repre- 
sent the true meridian. Uufor- 
tunately, one or other of these two 
poaitious occurs usually in day- 
light, when it will generally be 
invisible except with the aid of a 
very powerful telescope. 

Tbii'd method. In tlie mouths 
of December and January it is 
possible to observe the pole star 
at equal distances from the upper 
and lower transit in the same 
night. Thus the first observation 
may be made early iu the evening, 
when the pole star would lie near 
its upper transit A mark should 
then be fixed at a convenient distance iu tbe direction given by 
the Blar. The ubservaLiou Ib theu repeated after au interval of 
11 hours 58 minuter, when the star wmiUl be near its lower 
transit; the theodolite being 6xed at the name centre, and u 
distant mark put as before. Thus, whatever might be the 
deviation of the star from the meridian at the evening obser- 
vation, there would be the same deviation in the opposite 
direction in the morning observntion ; and, accordingly, if we 
look the middle point between the two distant marks, this point; 
as seen from the instrument, would give the direction of the 
meridian line near enough for all practical purposes. 

By Obiervatioa of Varioos Stars. — The north-and-south lino 
may be ascertained by refi.-rence to many other stars, the 
apparent places of which are given in the Nautical Almanack 
and other liluiHiiacks. Mr. K. L. Steavenson, in a pa|>er read 
before the Federated Institute of Mining Engineers,' describes a 
method of ascertaining the north-and-south line as follows : — 

" Tho moridiao of anjr plnce is ropresented by a Udc drawu tlirough it from 
tliC uurtli to Llio sodUi polv, and is tiie sun or Btam croas tliis lino, they reach 
ttinr grMteit ekntkin, an<j ar« 8Aiil to tranfiit. 'I'ho timce of right oHoensJoa or 
tnuifit ue gireo iat the jiriacipal stAra, and the fiitlerca) tiau ucb day at Doon 
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in tho Nautical AlmanKck and aIbo in WliilAkot^f) AlmBnarkeacli year. Vvftm^ 
tlie (ihurtvHl atiil birit way tv dcdcriVr thi> moilu* f\i€ri\wii is to take a caw, nail 
Mi|>]iuhv thiit the wrilvr wishes Uj iIvK'nlte k nicriiluiri line at his uwn hoose. 

*' lU'ffrriiig 1^1 ihc Mrtlrmtiiv Survt'v niaji, am) with h jmrHllel raler drawip;; 
liij«8 verUc&l ami liorizoiitat lliroii^h Uiu puini tti quL-Ktioti, he Hntb that ttw 
Utiliifie is 'A'^ 4.r W N., and the lon^ludo I* 30' KV' W.. auil a» lh<?n- are 3W 
rleKToes of longilHile whirli the revolution nf thu earth jK-Tfonus in 24 honrs, b* 
fiinU t>»at the allowance of lime to he made for the pocilioii west of Gtvenwicbj 
4) niiuutet) '^<t'J Beoomta, that U to Kay, ktcnl time at Holywell is bo murh Iwir 
Ureeuvrlch timo. 

" Kuw, with reppwt to tlie altitude of a Rtor, the eloration ia given u 
*il*oUtiation.' L>4>cti nation is nie&fiured vertieaUy ahove or below th<> p(|ualcr. 
awl correnmnds to latitude on the earth 'h nurfaoe ; and the hei^it of the eqnalor 
corrCBjMMKU witli the co-latitude of a place, that is to say, ita lieiglit on the 
meridian \» cqna] to oiir cvlatilnde ; tJinn — 

UODstinl \n\ II (I 

Latitude of Holywell 54 4.1 43 

Co-lntitude or hoiglit of the etjualor uu the tneridiaii at Hulywell 36 lt» II 

"Now we are in a [HMition to fitKl oar star to-night, itay, August 3. On 

referring to WliitAkerV Aliimtinck, p. 42, wc Bud that on Atigii»l 3 the sidereal 
time nt mean nnon Ik K tioiinit 47 tniniilei* ItJ se<>ond8, and ab wc want to do our 
work OS MMHt afWr dnrk iu potuiihio, we will lake a star iMwaing ahcml 10 o'clock. 
On [). HO u-e lind thut the nljir Vega (a liyrv} hasa rigTit aacension of 16 bwir* 
33 minutctt 23 secoitdfl — 

I A a? 23 

H 47 16 



Frotu titia deilnct niilcreal time of Auxiul 3 

ItifTei-ciice 
l''n>ni thii^ we must ileilurt the difTerem-e which Iiar uvvurred 
|iptwe<-n oui mean time and iiiilrroa] time sinee noult, a1 the 
rate of !'->'.'> r>v 10 tiGCundii |ter hour 

Due al Qreenwicli 
And &<ld to this |]ti> lime attowanoe rm}iiired by our longitude 

TItc iftar Vega pAHKeHour meridian on Augiirt 3 at 
'^But we must next fiud tlie elemlion, tJiiis — 



!* 4(; 



To oar co-tatitudc 

Wb add tlie dcctiufliion of Ve}^ 



1 37 



!) 50 57 



38 41 lU 



And wc got llie altitude 



73 67 21 



" If, however, tliix it) too lii^li to lie Men in tlie theodolite, wo might take the 
alar ^ Sii^lttarii, the .lei-lination bein^'-21° .V 10"; in this case it luaat \m 
didui-'ted frutn Ihe eo-lnlitiide, bfiii^; a minus, or south dcclinaliun. 

" Having, (hen. « goml w«li-li carefully set by (lre(»nwich timi — say hy ihc 
Btin At Shielils— we tnnceed about ^'..HO p.m. To piiT tlie theodutitc ill poaithm to 
obnrvt! llie ntiir, which the insFrument vory hcioii indicatoii, fur a few minatci> 
Iwroro the wntcli niiclii^H the time ai If hour* rill iiiiiiulcji 57 wcond)* ji.m., and at 
tbe exaot montent the inrtlmment. ift puintiii}; Inie kdiiIIi. Beforo ninkin;; 
iierfnauent markn, it will be well U> repeat the observation. Imlh on other slat* 
and oil other niglits, nml take the average ur mean »if them. 

"In coueUminn, it t^x'tiiH uidy <U-Hinib1e l>i pnint ont, linving oih;« got litis 
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^HHiDe or aiwiaan. now uMtmu^amt 
^^k chedunK aad fyrtiHag docb aai 

T? ■ Kiven star «■ » Id* dwr iM*t "i* 
L^xhiliitioK u HdoQ> ik« iDOoaawnMUi 



or aieiidan. how kitmmA^amA hjmHi ■ ■«■■ k aftc^fac. 

fcM. Th art a bma 
^^wrialfatiMar^ 
liticu; u itdo«a ib« iDOoa|iAaMU» n^imBif «f Oa kam^ larifai 

clL-ltglitfii) iT<^reBtioii. whicfc ha* Km4 bo awve aai aecaipr Aa water fcr i 
yeara, ami iuduns him Ui enc oan i^ las haMvn «■! naitn ta tiy iL^ 

111 tho diacusBim Mr. Stmremm aMed Ifca filii h^ aa*e: **A ) 
oorrertion wan reqniml for latkada I* tmd At «la««tiao, l«l « «aa a* nxj 
that it va-i not mdfirietit to cany At mar aMsAe Hm nagi af ika ' 
and it wjut an easy maUer to rmin or bmr tt to the pailiiaa raa^sA 



.iia 



One 



method described 



tie obvious objections to 
SteftvenBon is the difficoltj of bftTing a vmtcb mA to Ifao oorreet 
time. The star (and the smme obaerratkm mpftiea to the nro) 
ifi apparently moving at the rat« of 1 miaat« of angle in 
4 seconds of time ; therefore, if the watch is 4 seconds wraa|^ 
there may be an error of 1 minat« in the angle; for that 
reason sarreyorB prefer the observation of a star like the pole 
star, whose apparent movement is mach slower, so that in the 
case of the pole star an error of 1 minute in the watch of the 
observer wotUd only affect the accuracy of the observation to 
tbc extt'Ht of half a minute of angle. The following is l£r. 
Boaulands' description ' of his methods of ascertaining the north 
aud-Bouth line ; — 

" 1. The pole star might be observed on tbc meridian either 
at its upper or lower truuiiit, the time being determined in the 
manner explained by Mr. Steareoson. He (Ur. Beanlands) 
ihou>;ht it would be more convenient, however, to ob tai n the 
time of transit from the data furiiishe<d by tie Nautical Almanack. 
If they referred to p. iiL in each month of that almanack^ they 
would find a coluiun giving for each day the * mean time of 
transit of the First Point uf Aries.' The time of transit of the 
pole star would be found by adding to this tbe right ascension 
of tbe star aa given on \). 21M). Tlie lower transit would take 
place about 12 hours, or more correctly U hotits 58 minutes^ 
after the upper transit. 

"2. A meridian line might he determinod by observing the 
pole star, in conjunction with another star haviuK the same, or 
nearly the same, right ascension, or differing from it by 12 
hours in right ascension. Perhaps tbc moat convenient star for 
the purpose was ^ (zrta) in the constellation Ursa Major — in 
other words, the middle star iu the tail of the Great Bear. The 
time of transit* must first be ascertained approximately; and 

' Angwl, I8tf6- ■ UppM timiuil or right MOeiuiaa of Polaris, 
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the theodolite being previously ftrljnHte<I, the telescope most be 
pointed to the pole stnr, which must he bisected with the croeft* 
wires. The instrnroent being then clamped in nzimDlh, the 
teleHcoite mast be lowered nearly to the horizon, when the star 
t Vrsw Majoris would be seen at an 'altitude of about 5V 
Without altering the horizontal position of the instrument, the 
star must then be watched until it appeared in the centre of 
the field of view. The telescope should then be raised and 
directed to the pole star, which should be again bisected, if 
necoHKJiry, by means of the tangent-screw. In this way we 
could obtain the direction of the pole star when the other star 
X, Ursffi Majoris was in the same vertical plane. This method 
would give the meridian line with considerable precision. This 
oljservatjon, however, could only be made in the antunm and 
winter,* when the pole star would be visible at its upper transit 
during the hours of daikness. 

"There are two other stars, however, which might be con- 
veniently observed in conjunction with the pole star at its lower 
transit These were o (delta) Cassiopoifo in the northern hemi- 
sphere, and Spica, or a ittipha) in the southoni constellution 
Virgo. These stars would l)oth be seen on the meridian almost 
precisely at the same time as the pole star; and by directing 
the transit instrument so as to observe all the three stiirH in tlie 
same vertical plane, a very good determination of the meridian 
line might he obtained. 

*' The constellation Cassiopeia could bo easily recognized, as 
it was always visible in the northern hemisphere, l>eing abont 

the same distance from the polo star as 
*£ ■ Ursa Major in the opposite direction. 

The principal stars were five in number, 

jkg ^ *^ arranged in o /.igzag form (Fig. 2n*»), 

; and tlie star in question was the fourth 

I ^ in order, counting from east to west 

^ when the constellation was below the 

Fm. 209.— Finding nnrth liy , 

uliBorvaUfm of a CiniopeiiB. V^*^' 

" The star Spica would he at once 
recognized towards llie south, at an elevation of about tii>\ 

' Not« by Author. U uppara ta tho RuUinr tliat lliiit in a mwurtnt, and shoulil 

* Seo fo»tiiole * to p. 3C>2, u to monthi for this alwrrnticMi. Witnn the o)w(mtiaD 
if! nin<le b1 the lower tmrwit of f Vnn Mujvru U» (Soristion from trtw nnrlb i* S 
nitnatee U B«<i>nd» cut : ni tho tipp«r transit tba deriatioD U tlie aame atuouut wait. 
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There was no other very bright filed star near it, but occa- 
Bionally one of tlin brigliter [ilaneta — Moi-s, Jupiter, or Stiturn — 
woultl appear in this quarter of the heavens, anil mi^ht possibly 
be observed by mistake. These stars, Spica and o Cassiopeia, 
might be conveniently observed in conjunction with the pole 
star, during the earlier months of the year, from about January 
15 to May 10. 

" 3. Another method was to observe the pole star six honrs 
before or after the upper transit, when at its greatest distance 
east or west of the meridian. This observation might be made 
with considerable precision, as the star would then be apparently 
moving in a vertical direction. During the winter months it 
woald bo most convenient to observe the star six hours after 
the upper transit at its farthest distance to the west. The 
instrument should be fixed and adjusted somewhat before the 
time BiKcified, and pointed to the star which would then appear, 
with an inv^trting telescope, to be moving slowly upwards, and 
diverging slightly to the right. The star should then be 
followed by means of the tangent screw, until it has reached its 
farthest point westward, and apparently to the right. If the 
telescope was now lowered to the horizontal position, it would 
point in a direction inclined at an angle of T 10' west of the 
true meridian, and accordingly it was simply necessary to move 
the instrument in azimuth towards the east, througb this small 
angle as shown by the verniers- The correction, 2" 10', was calcu- 
lated for the present year(18!)5). and for the latitude h\^ 15'. 
For places somewhat north of Newcastle it might bo stated as 
2" 11'. Owing to the slow progreesive increase in the star's 
declination, this angle would be slightly reduced in future years, 
the change being at the rate of about 1' in two years. It was 
scarcely necessary to remark tbat if this star was observed in 
this way hIx hours before its upper transit, as it might be 
during the summer months, it would then be at its greatest 
distance east of the mendian, and the correction of ^ 10' would 
have to be made towards the west. 

"He (Mr. Beanlands) considered that each of the foregoing 
methods was suitable for the purpose reqoired, and might bo 
recommended for general adoption. They were all sufliciently 
accurate, and, with one exception, tbey required no special 
determination of the time. Moreover, they might ho employed, 
one or other of them, almost at any period of the year." 
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By Obserration of Stars in the Southern Hemiiphere.— In the 
soutbcrn hemisphere, the stars <i i'ruciH and ^-t Hjdri can be 
used for Betting out a north aud south line. When they are 
both in the samo vertical lino they aro almost due south ; if 
j3 Uydri is above the pole, then the line is *2 minutes ' west <A 
south, aud when \\ Hydrt is below, the line is 2 minutes east of 
south ; the upper transit of >j Uydri is 12 hours 32 soconde in 
advance of the upper transit of a Crucis. This observation c»n 
be made all the year except from about the middle of November 
to the end of January (the period depending on the latitude). 

The writer is indebted to Professor Liveiug, uf the Yorkshire 
College, for the following statement : — 

"There are several methods of finding the true meridian. 
One of the best for common purjwses is to place the transit 
instrument or transit theodolite carefully levelled approximately 
in the meridian, and ob8er\'e the meridian passage of some star 
near the zenith (that is, one with a nortli dechnation about 
equal to the latitude of the place). At the moment the star 
passes the central iK-ire, set a watch, carefully regulated to gain 
4 minutes per day, to the right ascension in hours and minutes 
of the star from the Nautical Almanack: your watch now show'i 
approximate sidereal time. Note the next upjwr transit or 
meridian passage of the pole star, which should occur in tbo 
present year (June, 1901) at 1 hour 23 minutes sidereal time, 
or, for the tower transit, at l:i hours 23 minutes. If the passage 
does not occur at this time, shift the azimuth of yonr iostm- 
ment to make it occur at this time, and the line of sight will be 
in the meridian. Repeat once or twice on different nights tu 
obtain an average. 

"The most exact method, however, is to observe the time- 
intervals between the upper and lower and lower and upper 
transits of the pole star. If these intervals are equal, the line 
of sight is in the mendian ; if not, the line of sight lies to the 
side of the shorter interval. This method is employed for 
astronomical purposes, hut needs a telescope of sufUcient aper- 
ture to show Polaris in daylight. The clock employed need not 
be regulated or show correct time, but only needs a uniform 
rate." 

> Thv dvvisUoo given is cnmct fur kboQt latitude tA^ Hoalb. If ibe ■■titu<li> b 
Nualler the error U smaller: thiu for l&Ulmle 40° it Ea IC, aaa Fai UUtnde ao^ It 
if W. 
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Setting' out Horth Line froa Ordjaace Xftp. — Wbete Orteuiee 
maps are obtainable, tbe nortb-UKl- sooth liae can \m aet out 
from tbem with Bofficient accuracj fiar incMi purpOM*. It is 
neceeury to set oot a line of considerable length, say one mile 
o( more ftlie longer tbe line tbe ^eftter the accnracyV ^m 
H)tle8 or tbt; in»p lire all north -aod-soiith, and any line parallel 
to the sides is also north •and-floatb, and snch a parallel line 
can bo ruled on tbe map at aoine ptaea eooTenient for staking 
out a Hue and fixing i>ermaneint marka on anme part of it ; the 
position of the line on the map can then be measured from 
tbe fences and buildings and other marks, and set oot on the 
ground by means of poles. If these are not all in an exactly 
straight line, the average must l>e taken, and if this is carefully 
done, great accuracy may be obtained. 

Accurate tracings may be obtained from the Ordnance 
Bnrvey Department, and so the errors due to tbe shrinkage of 
the paper on which the map>f are usually printed is avoided. 

Corelation of Various Plans. — It is usual in mining districts 
to make a separate survey of each particular leasehold or 
ownership, and of each particular mine; and if a number of 
these plans were put side by side, it might be impossible to 
place tbem in tbeir true relatire positions unless tbe boundary 
fenccR of neighbouring collieries happened to be included in each 
Hurvey. 

If, however, each plan has its latitude and longitude marked 
upon it, it can l>e transferred to an Ordnance map, and if all the 
plans were so transferred, they could be seen in tbeir trna 
relative positions to one another. 

If tbe exact latitude and longitude of each mine shaft is 
marked uu its own plan, then the latitude and luiigitiido uf any 
point underground or on the surface can be calculsted, and tfao 
distance of any point on that plan from any point on one of 
tbe ueighhouriug plans can also bv calculated, assuming that 
the latitude and longitude of tbe mine shaft is given on tbe 
neighbouring plan. In any country where there is a Govern- 
ment Survey ctirreBponding to our Ordnance Hurvey, the latitude 
and longitude of any place on tbe map can be easily ascortainod 
with accuracy corresponding to that of the map. 

In England the Ordnance Survey is published, for many 
parts of the country, on three scales as follows : 1 inch to the 
mile, n inches to the mile, and 25*8-14 inches to the mile. If 
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tho latter scale is used, the poeition of a mine Hltafl ma; be 
marked upon it with great accuracy ; but this map does not 
Bhow the latitude and longitude, which must be ascertained bj 
reference to the U-inch map of the same district. The r>-iiicli 
quarter sheet covers au area which, on the scale of 2a'^U 
inches, is covered by four maps. On the sides of the 5-incta 
quarter sheet the latitude is giren in degrees, minutes, and 
half-minutes, and the longitude is given in degrees and minutes. 
By measoring from the top or bottom of one of the fi-incb 
maps, which corresponds with the top or bottom of a 25-inch 
map, the po8ition of the degrees, minutes, and half-minuteB of 
latitude can be transferred, by the use of a pair of dividers set 
to the required scales, to the *25-inch map ; and by measuring 
from the side of the 6-inch map, which oorreeponda to the »ide 
of the 2d-inch map, the degrees and minutes of longitude can 
be transferred to the '25-inch map. As many points of latitude 
and longitude as are ou both the similar maps should be tnuu- 
feiTed to the ^A-ineb map, so that any inaccuracy in one 
meaHureraeut can be corrected. One minute of latitude is equal 
to approximately 007ti feet. A minute of longitude varies with 
the latitude, from 0086 feet at the equator to nothing at the 
poles, aud, of course, covers a different length, going north or 
south on every map (and it can easily be measured on the 
map). The length covered by 1 minute of longitnde varies 
approximately with the coRine of the angle of latitude. Thus 
at a latitude of one minute of longitude is 6<")8(j feet, then the 
length at a latitude of, say, 55*^ is equal (approximately) to 
G086 X cosine 5;^ = 6086 x 0-5785V64 = 3i90-7 feet. On re- 
ferring to the Hmithsouian Geographical Tables (published by 
tho Smithsonian Institute, Washington), it will be found that 
the length of V of longitude in latitude 55° is given aa 39 76d 
miles, which makes 1 minute of longitude = 8499'-l feet. 

In a similar manner the length of 1 minute of longitude can 
bo got approximately for any latitude. 

On the 25-inch map it ib quite possible to scale a distance 
itith an error not exceeding 2 feet, assuming the perfect accuracy 
of the map. It would be therefore possible to ascertain the lati- 
tude to say ;,„',,„ of a minute, or >,\, of a second. With mining 
maps thus referred, with care, to tpbe latitnde and longitude, it 
would be po&Hiblc to calculate, with cousidei-able accuracy, the 
distance from each other of places in different mines, 
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EXAMINATION QUESTIONS— VARIOUS. 

1. How many tons of coal are there in an estate of 672 acres oontainiug one 
B«am 3 feet 7 inclies thick, assuming the Bpecific gravity of the coal to ho I'27, 
and the weight of a cubic foot of water 62'5 Iha. ? (Colliery Managers, New* 
castle, 1900.) 

Anttoer. 8^16JS93 Um». 

2. In consulting old plaits, what source of error must especially be guarded 
against? {Colliery Managers, Newcastle, 1900.) 

3. A road driven cast in a seam rising 2 inches per yard cuts a trouble, an 
upthrow of 6 fathoms with a vertical hade, beyond which the seam rises to the 
east 3 inches to the yard. It is desired to coimcct the two portions of the seam, 
one on each side of the trouble, by means of a stone dritt risiug G inches per 
yard. At what distance from the trouble, measured in the seam on the west 
side, must this drift be set away in order ttiat it may cut the scam on the east 
side at a distance of 40 yards from tlic trouble measured in the seam ? (Colliery 
Managers, Newcastle, 1900.) 

Anneer. 79 yards [nearly). 

4. What is the diameter of a circular shaft, having tlie same area as an 
oblong sliaft; 12 feet 6 inches long by 9 feet iiiclnjs wide? (C^oUiery Managers, 
North Staffordshire, 1900.) 

Annoer. 12-3 feet. 

5. Give the value of 3 acivs 2 roods 17 perches of coal, 4 feet 5^ inches in 
thickness, at £25 [wr foot jier acre. (Colliery Maiiagei-s, North Staffordshire, 
1900.) 

Answer. £400 U. 4id. 

6. IIow would you cunnoct an nuder^round and surface survey? (Oolhery 
Managers, North Staffordshire, 1900.) 

7. lIow wonld you mirvey a field without the aid of any instrument for 
measuriug angles? (Colliery Managers, Newcastle, 1899.) 

8. Describe the vernier ; make a sketch of one, and describe what it is used 
for. (Colliery Managers, NewcaMtle, lH9y.) 

9. Plot the following survey, and give the direction and distance of the last 
act (No. 10) so as to tie into the starting-point: — 



Bord. 


164. 


Bord. 


107. 


Bord. 


53. 


. 


N. 88" E 
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(9) 




Headways. 


148. 

S. 8" W. 

(8) 




Uurd. 


58. 
N. 82* W. 

(7) 




Iluadways, 


162. 
S. 6*> W. 

(6) . 


Headways. 


Bohl. 


54. 

N. 88^ W. 

(5) 
Bord. 




Headways. 


154. 
S. 3° W. 

(4) 


Headways. 


llotO. 


200. 




Boid. 


144. 


liord. 


Uont. 


1*3. 


Bord. 


Itack bord. 


40. 
N. 87 J'* W. 

in (2). 
From 207. 

(3) 

going Bord. 

Face of 

33!t. 


Back Iwrd. 


Headways. 


2!»7. 




Ileadwiiys. 


140. 

N. ;-i° W. 

(2) 




Headways. 


152. 
N. 2A° E. 

0) 




Secoiiil west 2H7 from engine 


plane. 


iSurvov ft 


oni mark in Mother 


rate bord. 



(Colliery Managers, Newcastle, 189?.) 



10. 'I'he dfhrh from the sinking of two shafts, each 500 yards deep, 16 feet 
diameter inside the brickwork of !' inches tliiuk, has to bo deposited on an area 
of 4 statute acres. What will be the average thickoess ? (CoIlieTy Managers, 
Lancashire, 1898.) 

Awwer. 4'14faei [awiming thai ihs dAri* tnU ooeupy ih« nhm voIhmh om «Am 
t n the »<Aid). 

11. A colliery reservoir is 100 feet long, and 60 feet wide at the bottom 
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10 foot in perpciiiIiculoT ticit;lit to tttv surface of lliv water when full \ Uie ddM 
are nt an angle of 46°. Iluw many sallguft of water will it contain whoii filled? 
(Cotttery Haiiagen, T^ncasliiro, 18^8.) 
Ammmr. 4^,JJ9-S galhim. 

Vi. Deacribe a rarveyiug coinptiss, Ciimtfr's cltain, pivtravlor. uiiil drawing- 
: and state what tliejr are nseil for. (Colliery Mfuiagtrs, Newcastle, ISyB.) 

13. What ruellnxl wohM you adopt for prwuriiig llmt a drift, bolowthe ground 
drireu in a ^ven direction, and at a gi\^ii gradient? (Colliery Mnnugura, 

NawcuUe, lS!m.) 

14. Plot tJi* following survey : — 

No. 1. ... N. 86J* W. ... 47-1 liiilcH 
.. 2. ... N. 44^ W. . . Il>3 „ 
,. 3. ... N. II^-E. ... ;i-22 .. 

.. 4. ... N. 83j''E. ... 291 .. 

.. 5, ... S-T^-E. ... 515 .. 

., 6. ... S. .'^•'W. ... 171 .. 

„ 7. ... S. BCi^E. ... 1611 .. 

., 8. Oive Ivariiig and dialancc lo tic tlic Mirvvy. 

^^Colliery Mtuiagcrs, Newcanllc, 1898.) 
Anmmir. ff. 3^ 17' SU" B. ; l^h. 900- 15 Unh<. 

16. Why do yon need to make allowjuieea in tlie meafluretnentB of lengthit in 
mines? (Cnlliery MaiiAjrer^ Li?er]iool l>inlricl, 18S18.J 

Ifi. State briefly the re<]nircm«iiti« of iLe Ciml Miui-s itc^nilatioii Acl», 1887 
and 181HJ, with ref,'anl to jilanH. ;,Collicry Maiiagvn*, Uveq)otil Uistricl, IS'.'S.) 

17, rvscrilvc end ;^!ve skt-tcli of liow you would make a fWM-tiiui nf wu-fat;o 
between two points, A and B, ItHMynnU a^mrl, with tindtilating i^rouitd liotween, 
^CoHiMry Manapem. Liverpf»oI District, IrtliH.i 

IH. AVliat are the provisions of the Mine^ Keffulation Act villi rcgani to 
plana uf workinga? (Colliery Hanogere, Soullt- Western fistrict, lH!l8..i 

19. A lerol course of road oxteudfl 7 rhains fnnii the centre of n pit ; the 
direction of the road in M^ 20* ca>t of north. At 576 liiikii from the [tit ia a 
hram-li which cxt«ndB 8&U linlu in the direction of 25" 40' went uf north. I'lot 
thr two driven to a Kcnlo of |(>0 links to an inch. (Colliery Manogeni, Sonlh- 
Wentern OiBtrict, 18;t8.) 

2i>. On a plan drawn lo a soaln of 4 idiainH to au incJi, liciw nmuy perchex 
Are repretteoted by a vtirrle of 1 iiH'h diameter? t^ollicry Managers, Soiilh- 
WeRt«ni Dialrict. 1H1I8.I 

^fMiMT. aOlOO pvreJkM {tqfutre menmn), 

21. Mow would yon Iwt the ailjujitiiiene of a theodolite? (Colliery Manogent, 
South- Wont ern Wslrict. 18'jaj 

•11, The workings of two collierie* are aeparatcd hy a Wrier of coal 400 feet 

wide. The harrier oxtt-iuls on tlie line of dip. It i« riet-es^iry to drive on the 

level coiiraft :ilH* feet inti th« barrior from onch colliery, m> tliat (he drives shall 

ul llio middle of tlie barrier.and ithall 1 l- &( feet vertically iibow the rtowii- 

P(Mt pit-botloBi of one of the collierien. Huw would you detennint* the i-orrei-t 

rtartiiig-pointa for Iwtli driven? LColtiery Managers, Honth-Western l^iatrirt,18y8.) 

2.1. A scam of coal aiid iroratttrtw Hen at no angle of 45^ Tlio stom) w 3 feet 
thick, and Ihe coal h\ 2 fee! « im-hes thick, meaaurod at rx^A angles to Uie dip. 
The royally on the cuivl i« £25 per acre per foot tldck, nieaeured vertically ; tlie 
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royalty on the ironstone ia M. per ton, calcined. What is the royalty value of 
one surface acre of coal ? and what is the value of one surface acre of stone, 
supposing the yield to be 1800 calcined tons per acre per foot thick, measured 
vertically ? (Colliery Managers, North Staffordshire District, 1898.) 
Aiayser. Coal,jC&4 Si. per acre ; ironttone, £190 18t. per aere. 

24. State briefly what precautions you would take in making (1) a loo!^ 
needle survey where tlie conditions are favourable ; (2) a fast-needle survey with 
outside vernier dial under favonrable conditions ; (3) in taking a meridian on the 
surface. (Colliery Managers, North Staffordshire District, 1898.) 

25. The base-line ab, 1000 feet long, is measured along a straight bank of a 
river ; c is an object on the opposite bank ; the angles bae and cba are observed 
to be 65'' 37' and 53° 4' respectively. What is the breadth of the river at e? 

Afuver. 8!^-8J'/eet. 

26. a and b are two positions on opposite sides of a mountain ; c is a point 
visible from a and b ; oc and be are 10 miles and 8 miles respectively ; and the 
angle bca is 60°. What is the distance between a and b ? 

Amtcer. 9-165 mUet. 

27. The Bides of a tinangular field are 1250 feet, 790 feet, and 585 feet. Wbat 
is its area in acres, roods, and perches ? 

Atuteer. 4 acres roods 8 percha. 

28. Find the sixth root of 16,777,290. (City and Guilds of London Institute. 
Mine Surveying, 1891.) 

Anneer. 16-00001. 

29. Find the cube of 649. (City and Ooilds of London Institute, Mine 
Surveying, 1891.) 

Anneer. 2(73,859449. 

30. Find the value of the seventli root of 78,125. (City and Q-uilds of London 
Institute, Mine Surveying, 1891.) 

Antwer, 5. 

31. Find the angle of which the logarithmic sine is 9*7382412. (City and 
Guilds of London Institute, Mine Surveying, 1891.) 

Armeer. $3^11'. 

32. Find the radius of an arc of which tlie angle is 28" 26', and of which the 
logarithm of the natural sine is 2'1 122998. (City and GuUds of London Institute, 
Mine Surveying, 1891.) 

Ansaer. 273. 

33. abc is a triangular plot of ground, of which the side ab measures 1200 
links ; the angle at a equals 39° ; tlie angle at b equals 68". Find the area in 
acres, roods, and perches. (City and Guilds of London Institute, Mine Surveying, 
1891.) 

Anaaer. 439,313 rquarefeet, or 10 acres roodt ISS perAef. 

34. Under the plot of ground in Question 33 is a seam of coal dipping at an 
angle of 15°. The thickness of the seam, measured at right angles to the dip, is 
7 feet 3 inches. A cubic foot of this coal weighs 80 lbs. The royalty is £200 
per acre of surface. Of the total area, 5 per cent, is occupied by faults. Of the 
remaining coal, 10 per cent, is lost in working. Find the tonnage of coal to be 
sent out of pit, and the royalty per ton in pence to two places of decimate. What 
is the specific gravity of the coal ? (City and Guilds of London Institute, Mine 
Surveying, 1891.) 

Awwer. Specific gravUy, 1-38; 100fi98 fam* ; £3017 royalty = 4-83d. per ton. 
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CITY AND GUILDS OF LONDON INSTITUTE. 

The City and Guilds of London Institute holds Annual ExaminationR in Mine 
Surveying. There are two gradeB, Ordinary and Ilononra. There is also a 
Preliminary Examination, which it is necessary to pass before becoming a candi- 
date in the Ordinary Grade. Candidates for Honours also must have previously 
passed in the Ordinary Grade. 

The programme of Examinations contains information as to the anbjects 
included iii the syllabus.' The fee for the Ordinary Grade Examination is 1«. ; 
and both the Preliminary and Ordinary Examinations are held about the Ist of 
May of each year. The Honours Examination is a two-days' Examination, and 
tlie fee is 10«. It is held at any centre at which a sufficient number of candidates 
undertake to attend, and is of a practical nature, candidates having to make 
actual surveys in the mine. 

The Examination Papers in the Preliminary and Ordinary Examinations for 
liKlO and 194^1 are given as a guide to intending candidates. 



MINE SUBVETINa. 

PRELIMINARY EXAMINATION. 

Monday, April 3i>rii, 100(), 7 to 10 p.m. 

DravHng instruments and mathoniatical tables may he used, 

Not more than seven queations to be answered. 

1. The three sides of a triangle niuasure 370, 295, anil 4fiG yanls respectively. 
Draw the triangle to a sralc of 100 feet to the inch, and calculate its area in 
acres, etc. (JiO marks) 

An*aer. 1V27 acre*. 

2. An embankment is .'JO chains long; the top is 10 feet wide ; one side has 
a b1o|)0 of r>5° and the other of ,'jil° to the vertical ; the ground and top of the 
embankment are level, and the embankment is 13 feet high at the centre. 
Calculate its contents in cubic yards. (50) 

Antiner. 2STG7-8 cubic yard-, 

3. Draw a scale of .}- to show feet, and long enough to measure 20 feet. (30) 

4. Plot the following tmverao lines, all starting from one central jxiint; scale, 
25 feet to the incli : — 



•. 1. 


N. 77<'E. 


«;4 feet 


2. 


N. ^r .'ilt' W. 


1 chain 12 links 


, 3. 


N. 15" l.V E. 


15 yards 


, 4. 


S. 29" 20' W. 


lfi7 links 


, r>. 


S. 50'='45'E. 


14 fathoms (30) 



' It can Ik- ohtainod from Meatre. Whitlaker & Co., Paternoster Sqnaro, price 
in. 4(1. post free. 
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5. How many tons of coal per acre will thero be in a seam 3 feet 9 inchn 
thick, (lipping at an angle of [f°, allowing 20 per cent, dcdaction for faultp, etc. ? 

AHiwer. (CmU (aften a» SO Z&j*. to tA« ciiMa fwA) 4735-8 Um*. 
(!. In an ordinary miner's dial the E mark is to the loft of the N. Why is 
this? {30} 

7. Explain the terms " diurnal variation," " dip," " declination," and " secular 
variation " of the magnetic needle. ^30) 

8. You have to measure the width of a deep nver about 150 yanft wide, and 
your only measuring iDstrumont is an ordinary chain. How would you proceed? 

(30) 
!). A vertical shaft is 400 feet deep. Halfway down it an incline starts ironi 
it, which meets a drift dipping towards the shaft-bottom at a grade of 2 inches 
to the yard at a distance of 4 chains from the shaft, this distance being mea6ure<1 
along the floor of the drift. Find the Icn^h and inclination (in degrees and 
minutes) of the incline. ih(\) 

Anawer. Length, SSHftet ; angle of indination {from the rertical), 6^ 53". 

10, A tlieodolite is set up in line with two telegiaph-poles, 150 feet from the 
nearer pole, and 420 feet from the further pole. The top of the further pole 
subtends an angle of 18^ tlie line of sight passing through a hole exactly half- 
way up the nearer [wle. Itequircd the heights of the two poles, the theodolite 
standing 5 feet above the ground. . (50) 

Anemr. FirU pole, 107-41'fael ; aeeond pete, 141 4 feet. ' 

11. A seam of mineral dipping 12** is thrown down 200 feet by a vertical 
fault ,- an inclined drift is started from the top of the downthrow, and cuts the 
seam 400 feet horizontally from the fault. Required the length and dip of the 
inclined drif^. (40) 

An*v>er, Length, 491'16 feet ; angle of dip from vertical, 64P 83". 



ORDINARY GRADE. 
TiiUKSDAy, M.VY 3kd, UW, 7 to 10 pjf. 

Inhtrdctioms. 

A sheet of drawing-paper is supplied to each candidate. 

Candidates may use protractoi-, parallel ruler, T-square, set-equares, scales, 
compasBes to span 16 inches, drawing instnimentM, tables of Ic^rithms, 
logarithmic and natural sines, tangents, etc. 

[The working out of all answers must be shown.] 

Quealion 1 mutt be attempted by all candidates, and not more fAan Jive 
otker$ in addition. The maximum number of marks obtainable i$ affixed to 
each question. 

1, Plot the following chain survey of a field to a scale of 2 inches = 1 chain. 
All dimensions are in links ; all offsets are to the boundary : — 
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2. Odlcukte the area of the field (survey of which is given in Qnestion I) in 
acres, etc. (45) 

Antwtr. 1 aore roodg 36 perdte». 

3. Cftlciilate the co-ordinates of the following traverse survey; calculate tho 
length and bearing of the line CIA, and plot by co-ordinates to a scale of 1 chain 
to the inch : — 

Travei-sc survey of polygonal area niatle by double foresight method • 
with a right-handed theodolite rending to 30 seconds; the tlieodolitc 
was originally set in the true meridian, true north reading 300" 00' 00". 



Line. 


Obterred kngle. 


Length lu links. 


AB 


14° 48' 00" 


245 


BC 


198^00' 30" 


310 


cu 


284" or 30" 


480 


DK 


2(X)°12'30" 


709 


KF 


271° 33' 30" 


4;jo 


FCr 


2(;«<'01'30" 


CM" 


GA 







Amieer, Searing of GA is N. 61° US' 4&' W. ; ImjrtA, 230-6 Unkf. 

4. Calculate tho area of the above polygon in acres, etc., by the method of 
co-ordinates. (60) 

Ansiixr. 4 acre* 2 Tooda 18 perchsA, 

5. A bed of mineral dips 58** (to the horizontal), the direction of full dip 
being S. 24° 56' E. What will be the dip of a road running N. 80° 20' W. ? 

(45) 
Amvxr. Avgh of dip, 4SP 15' 42", or 1 in 1-100C8. 

6. Two horizontal levels are driven in a vein dipping 77° towards N. 56° E., 
the levels being 200 feet apart vertically. A flat winze in the vein connecting 
the levels is 441) feet long. What is its dip and bearing ? (45) 

Awwer. BfAirivg, S. 40° 39' 5" E. ; angle of dip, 26° SS* 34". 

7. How would you proceed to level along an inclined drift about 3 feet 
G inches high, and inclined about 40'' ? (30) 

8. Draw a section of the telescope used in tho ordinary dumpy level, showing 
cleorly the path of tlie rays of light through it. (30) 

9. Under what circumstances must a correction for the earth's curvature be 
applied in levelling? State a formula for this correction. (30) 

10. Sketch and ex]>lain the action of tlie tangent screw and clamp, aa applied 
to any part of a theodolite. (30) 

11. Describe a method of connecting underground and surface traverses 
through a single shaft, the use of the magnetic needle being inadmissible. (30) 

' Note by author. — By the " double fore sight method " is meant taking tho 
exterior angle between each sight and the next. Thus at A tho theodolite ii at a 
place where there is no attraction, therefore the hearing of A3 is N. 14° 48' E. The 
theodolite is then moved forward to B, and the angle between AB and BC is 
observed to be 198° 6' 30". 

To get tho meridian beariugB of BO and tho following aighti, the followlDg mlo 
in used : " Add tho observed theodolite reading to the last meridian bearing, and 
subtract 180° from, or add 180° to, tho sum, according as the sum ia greater or 
less thau 180°." 



APPEXD/X. ?-9 

PRELIMIXART EXAinXATI' 'X. 

MosDAT. Apbii. 2^rH. lJ«'iI. 7 t«j !•» p.v. 
Issfircnoss. 

Xo certificates will be given to cand^iitcs on iht t^~€,xs ■:-:' riii^ P.V.iiiir.iTT 
Examination, but their SDCcej>!«3 will be cotia-r-i. 

The number of the rinestioQ mast be j-*?^i '^for* :L*- ar^wer la :L^ T.rk-r! 
paper. 

Drawing io-stnimeatfl and mathemaiKal iaV.e> miy !-:■ -rr-L 

Not more than arvnt ^nesfionj to he am.npfnd. 

ThTta hourt allowed/or Vtu Examimation. 

The maximum number of marks obiainable if itExel to ea:h ■■i^e^:i■'n. 

1. If a plan is drawn to ihe scale of 2 iDCh« t ■■ the cLaIii. wLit i- th^' jrr>- 
portion between the actual area in tlie fiel-i and the' iirej ai 'h-.-ar: c:. the i-!^i ? 

Aiutper. A* ISSfilS : i. 

2. Draw a scale of !J fathom to the inch, lvi:2 '-nov.i'h to mea=-re 1 r-haiu. 
and a corresponding scale of metres to read to •Itz'i'.m'ziTt^. '^* 

3. Draw the plan of the foDowin? fie!d to a s-rzle ''f 2 clja'ri= iv :h*r i:ich. ;iii-l 
calculate its area. The measuretueiit- are .nTen in liuk- : — 
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ifnjiMr. Jfi acrti 1 rood 37 jit/rkt-, 

4. A right-anglfl triiingl'.- hiS a b;i-* 27 yarl- ^llll^ aii-l the aiizlc U-twf-on 
the l«Rc and the hj7Kjtlieniwr i-i 27° V.*'. p'iii.1 it- aroa in ^vjuan- ft-ft. ;4it 

jliiKKwr. 1$94'4 rqitare ftrt. 

y. Determine the vnhirao <A a ruilwiiy cultiiiK 3 chains l-jiii;. the end sections 
being as given below, the ground sli-pin;,' uniformly, and the sln|K;s of tlie aides 
of the cutting l»einp 1 in 2 : — 




-30 ft, *- 



(NoTK,- The drawings arc not to scak'.) 
Annrcr. 42fi66 c"Wc/«-^ 
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(j. How uau you Bot out a right angle by meanB of a chain alone ? (30) 

7. Froni two poinbi, A and D, 1500 feet apart, the bearings of a point, C. are 
found to be respectively N. 07® E. ami N. 4" E. B bears S.E.— exactly from 
A. Required, the lengths AC and liC. (i-i) 

^M«wf . AG- 13r&54 feet ; BG = 1560-90 feet. 

8. A vein of mineral, of specific gravity 3-7, is 4 feet 8 inches thick, and dipa 
70*^ to the horizontal. A drift along the vein, the full width of the vein, is 
G feet 3 inches high vertically, and 110 yards long. How many tons nf mineral 
will it yield ? " " (40) 

Annoer. 1056 tout. 

9. Write a brief description of the plain miner's dial. (30} 

10. A drift rising 1 in 27 cuts a seam of coal dipping 49°, the dip of the 
seam and of the drift being in opposite directions. The width of the seam, as 
measured along tlie floor of the drift, is 12 feet. What is the true width of the 
seam ? (40) 

^iMiwr. 9-4feet. 

11. A shaft is sunk 20 feet in diameter and 200 yards deep ; assuming the 
rock to occupy a volume 30 per cent, greater after excavation, and that the 
excavated material is piled in the form of a square pyramid, the sides of which 
are inclined 40° to the horizontal, calculate the area of the base of the jiyrannd. 

(45-' 
An»wer. Area of bate, 14^4r7 $qtiare/eet. 



ORDINARY GRADE. 
Tuesday, Apkii, Sitrti, 1901, 7 to 10 p.m. 

Instructioks. 

Candidatea for the Ordinary Grade must have prtviotaiy pasted the Pre- 
liminary Examination. 

If the candidate has already passed in this subject in the first class of t)ie 
Ordinary Grade, he cannot be re-examined in the same grade. 

The number of the question must bo placed before the answer in tlie worked 
paper. 

A sheet of drawing-paper is supplied to each candidate. 

Candidates may use protractor, parallel nilcr, T-square, set-squares, scales, 
compasses to span Ki inches, drawing instnimentA, tables of logarithms, 
logarithmic and natural sines, tangents, etc. 

Three hours allowed for this paper. 

[The working out of all answers must t>e shown.] 

Question 1 mu»t be attempted by ail candidates, and not more than four 
others in addition. The marimum nuifiW of marks ofttainable is ajfflrefl to 
each question. 
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1. Plot the preceding survey to a r^cale of 1 ctiairi tu tli«: i[i'.-lt. .Ml iDeaEurc- 
mvntri arc in links. ''100' 

"1. Calculate the area of tlie more v.iiiLt.Tly of ihi; two fiel'is in Question 
No. 1. ' ,4^*; 

An*mr. 2 ncr^* 3 njuiU 1 jKf.h. 

3. Make out an iniii^iiitLry |hi;:i: troiii ii Icvel-boi^k, bhowitig twf;lve readingti 
taken wtli four settings of tin,- insiruiiitnt ovr un'liilating ground. Work uut 
and plot the section. J)**, 

4. A mineral seam tlijis ?<»-, outcropping' iu t,Tound >lopiiig 17' to the 
horizon ; a shaft is to be started downhill from tht: outcrop so as to cut the seam 
at a depth of 4iNl fet;t beluw the shaft rollar. How far liorizontally must the 
shaft be from tliu outcrop 'f [50) 

Antmr. 163-81 feet. 

5. Three bore-lioleK. A. If. and < '. intersect a seam of coal ; they are situated 
at the angles of an equilateral triangle whoise sides are /tOO yards in length. It is 
N. 17** 20' £. of A, and C is to the westward of the Uuc AU. A cuts the ueani 
at a depth of 175 feet, B at a deptli of ZVl feet, and C at a depth of 24(.) feet. 
Determine the direction iiti<) amount ofdi]) of the coal seam. (50) 

Antwr. Dip 1 in 53 inemly); N. 34" OQf JS. 

K. Pcscribc iti dctjiil how yon would set out under^^rtMind a t-urve of 10 ciiaiiw 
nidiuK to connect a main truvcllin*; road with 11 branch road, the direi'lions of the 

2 c 
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two roads making an angle of 60° with each othor. Draw a' plan to a scale of 
50 links to the inch. (50) 

7. Describe the German minor's compass, and tlic method of using it. (30) 

8. What is a plane table, and how is it usod ? (30} 

9. Explain tlie principle of the vernier. (30) 



SURVEYORS' INSTITUTION EXAMINATION PAPERS. 

The Surveyors' Institution, Westminster, holds Annual I*reliminary and Pnj- 
fessional Examinations, which it is necessary to pass t)efore being able b) 
subscribe one^s self as a Fellow of the Sorveyors' Institution (F.S.I.). The 
Examinations include a great number of subjects, but the papers iu Land 
Surveying, and Levelling, and Mensuration only are given here. 

SUSTEYIKO AND I.BTBUJNO. 
MORXIKQ PAPKH. 

Time allowed, three hours. 

Note. — AH candidates are required to attempi Qaestiotu Not. 1, 2, and 3. 

Candidates other than Building candidates will receive /uit marks for any 
10 questions correctly ansuxred. 

Building candidates will receive full marks for any 8 questions correctly 
answered. 

Candidates omitting to leave figures hy whiclt results are arrived at will risk 
a lots of marks in c<ise of a ivrong answer being given through accident. 

Questions 1 , 2, 3, G, 7, and ca)Ty higher marks than the remainder. 

1. On tlic plan given (see p. 387) draw in pencil the lines it would be necossaiy 
to rtin to enable you to make a complete survey with the chain only. 

2. Compute the areas of the enclosures in the comer of the plan above 
mentioned, giving the results in acres, roods, and perches. One uf thew 
enclosures must be computed by means of the ordinary plotting scale, and tlie 
other in any way tlie candidate may elect. (Enclosure No. 1, if well done and 
a correct answer arrived at by tlie ordinary plotting scale, will carry full marks.) 

AiwtDer. EncloKtire No. 1, 6 ucien 3 rood* 7 perches; No. 2, 3 acres rood* 
16 perches. 

3. From the field notes given lay down the survey lines, and plot a plan to a 
scale of 2 chains to an inch. 

4. Required to set out a circular space for a reservoir to contain 1 acre 
1 rood and 20 perches. Give tlie radius in links. 

Amuer. 309-2 linJu. 
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5, Divide the triangle ABC into three equal portions by linetj parallel to the 
side AB. AB = 2500 links; AC = 2100 links; and BC = 1800 links. Give 
the area of ABC, and Ihe distances Ao, oft, and 6C. 

Ax^sxr. Ama ABC = 18573 fqmre chaini ; An = 3854 diaim, <A = 5-022 
chaim, be = 12^124 dtaim. 



/ \ D \/ B 

A^ ^B C 

Figure referred to in Figure referred to in 

QuestioD 5. Question 6. 

6. The points A and B are only botli visible from one point, C. Lines 
CD = 12R0 links, and CE = 1040 links, were run, and the following angles 
were taken, viz.: ADC = 67° 30', ACD = 45<* 0', ACB = 70° 20', BCE = 39° W, 
and BKC = Hl° 50'. Find the length AB in links. ( 

AmuKr. 1418 lijtkt. 

7. Plot the above figure to a scale of 1 chain to an inch, and give (he distance 
AB as it measures upon your plan. 

8. A traverse round a wood is as follows : — 

A to II = 290 links, bearing 255° 5' A . . B 
B to C = 1000 „ „ 194° 10' 

C to I) = G80 ,. „ 77° 12' D . . C 

Give the calculated distance D to A. 
Aiuioer. 905 1 liakt. 

9. rrotrnct and plot the above to a scale of 1 chain to an inch. 

10. Convert 17 acres I rood and 20 perches, statute measure, into sqnare 
yards. 

Annteer. 84,095 fqiutre yard*. 

11. How would you determine the latitude of any positiou (on land) ? and 
wliftt instrument would you require ? 

12. Illustrate and describe in what way you would produce a survey line 
obstructed by a large tree or building. 

13. If a jilan is plotted to a scale of 3 chauis to an inch, what proportion 
doc.4 the area of tltc plan bear to the ground ? 

Xh^im/-. i : 5,645,37G. 

AhTKltNOON PaI'KB. 

Time allowed, two hours and a half. 

Note. — All candidates are required to attempt Qitestions Nos. 1 and 2, 

Candidates other tlwui Building candidates will receive full marks for any 
M questions correctly ansivercd. 

Building candidates will receive full marks for any 7 questions correctly 
answerefl. 

Candidates omtttiny to leave fiyures by which results are arrived at vnU risk 
a loss of inarke in case of a wrong answer being given through accident. 

Questions 1, 2, 8, 9, and II carry higher marks than tlte others. 
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1. Make up the following lereUbook : — 

Letel-book fob QcEffnos No. 1. 



n«kriBbt., ^'^_ F(«ii,tht. 



fi(JO 

0-8lt j 

0-24 I 

110 I 

2M . 

I 

la-Tri ' 



4-00 

.-. 7» 

6-90 
11 -^iO 

4-80 
830 

«t-70 
.■(•70 
810 

710 
1060 
11-70 
10-80 

710 

11-10 
8-CO 



1-2-20 

i;ji2 

13-7.'> 
15 0.-. 

t;-85 

0-85 



BlM. 



2^m 



too 



0-90 
3-70 
0-25 
SUn 
2^3/1 
6-3ft 

;a5 



Fftll. 



1-70 

H-ao 
010 

4-30 
1-92 
4-3'i 
3-30 
S-46 
500 

2-40 

4-211 
3-50 
110 



RcdMcd 
45-80 

3410 

2980 

27-88 

2332 

19-82 

14-37 

8-77 

9-77 

7-37 

0^42 

-3 78 

-7-38 

-9-38 

-7-4S 

-3-78 

-3 S3 

-0-89 

1-62 

7-92 

9-37 



Dtatai 



Cbain*. 

n 

IliO 
2-00 

:too 
4Dn 

SCO 
6^ 
7-00 
8-00 
'J-00 
KfOO 

lion 

l'2 0i) 
i:i-00 
I4'(XI 

h:« 

1500 
1600 
lG-40 
17-00 
18 00 

ly-oy 
20fH) 
21-00 



R«inaTfc«. 



1st side <if pf>Q(l 
water-level 



( '2 id side iif pond 
I wnter-lcTel 



23-39 



6182 
25-39 



2i3n 



57-78 
21-35 



36-43 36-43 

{The fitjiirf.* in iVdir* nrr. thimi rtquirtd in an*totring the que^tiou.) 

2. Plot the following Bection to a horizontal scale of 2 chains to an inch, aiw! 
to a vertical scale of 20 feet to an inch : — 



Jo 



2 X ar |-s je ^1 X S ac 5-, i X » .-S 






t"-x i 



till 



^ ^ 5: Vi C- a ?i ^, ?i ?£i ^i = ?? ;t ^' g =i 



3. In netting ont the ci litre lim; fur a new roa<l or a railway, illustrate ami 
(leserihe in what way yon wuuM i>i-occe(l to conneet two iiieci-s of stmij^lit by a 
eurve of, say, 10 cliainH radiiw. 

4. Before commencing to take a Hcrics of levels, hrielly describe bow you 
would ascertain if your level was in ailjiistment. 

5. Tlie point A Ijeing inaccessible and at a considerable altitude above the 
mirrounding country, illustrate and describe in wliat way you would ascertain its 
height above the point B (the nearest convenient point of observation), using a 
theodolite for the purpose. 
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42-16 
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44-20 
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G. Qive the rates of inclination between Uie given 
points of level taken upon a line chained along the iavert 
of ft water-couree. 

Atwmr. (i) 1 in 136-5; (3) 1 in 1J6S (nearly); (3) 1 in 
laS: (4) 1 in 74-8. 



7. What is the rate per chain (in feet and decimals) of a gradient rinng 
1 in 250 ? 

Antnrer. 0-364/eet per chain. 

8. Give the leveU of points B, C, and D on a continuoua section, the level of 
point A heing 25 feet, and the horizontal distances and angles as follows : — 

A to D, 12 chains; angle of elevation, 3° 20' 
B to C, 9 ., „ depression, 4" 25' 

C to D, 15 „ „ elevation, 2° 15' 

Annoer. Level of B, 71138 feet ; hrd of C, 35349 /eel ; level of D, 64 146 fed. 

9. The telescope of a theodolite set 4-25 feet above the point A, having a 
level value of 25 feet, is directed towards the bottom of a staff at B, and shows ■ 
an angle of elevation of Iff 4' ; it is then directed to 10 feet on the staff, when 
it shows an angle of elevation of 10° 35'. Required the horizontal distance A to 
B in feet, and also the level of point B. 

Amwer. A to B = 1073-31 feei ; Uvd of B. 319^9 feet. 

10. IIloBtrate by diagram the difference between "true" and "apparent" 
level, and give a rule for determining same. 

11. Construct a triangle ABC, having its sides AB = 3 inches, BC = 2J 
inches, and AC = 1^ inch. Suppose the points A, B, and C to be trigono- 
metrical stations of a survey, and that from a point D of a traverse A bears 120°, 
B, 150°, and C, 165". Find the point D by construction. 

12. Explain and illustrate by diagram how you would obtain the jlistance to 
an inaccessible point, using only chain and poles. 

MENST7BATI0N. 

Time dHoieed, tivo hours; 

1. How many rods of brickwork are there in a circular pier 4 feet in diameter 
and 20 feet in height? (One rod of brickwork is equal to 30C-2812 cubic feet.) 

Answer. 0-83 rod. 

2. A circular water-tank is 12 feet internal diameter, and is 10 feet deep. A 
drawing of it was made to a scale of i inch to a foot. Some one carelessly scaled 
it with a scale of | inch to a foot. What error would be made in calculating 
the number of gallons contained in the tank when full? 

Antwer. 1649 cubic feet ; 9686 goRont. 

3. A road rises witli a gradient of 1 in 75 from its commencement to a point 
distant U mile (on a horizontal datum). It then falls with a gradient of 1 in 
100 to its termination at a furiher distance of 140 chains (on a horizontal 
datum). What is the difference of level between tlie beginning and the end of 
the road? 

Anntper. The eiid of the mnl i* 13'3feet nbore the b/^nning. 
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4. The air in a room 30 feet x 25 feet x 10 feet has to b& changed three 
times in an hour by air conveyed through a pipe 6 inches in diameter. At wliat 
Telocity must tlie air move in the pipe to do this ? 

AiMuwr. 114fi91 feet per hour. 

5. A. shower of rain is regutcrcd to give 1^ inch. How many gallons would 
have fallen on a field containing 100 acres ? 

An*wer. 3^2JI4S gattont. 

G. What is the sectional area of a cutting with slopes, as shown in the 
nketch ? and how many cubic yards are there in 1 chain of this cutting ? 



-*- laft. -^ 
^twuer. Area 298 tquare/eet; 72S-4 cabie ynrdu in 1 diain of euttitig. 
The sketch evidently rhow that by ^ to t a me o/ i t'n } boritmtal it meant. 

7. A railway bank is half a mite in length, and is 20 feet above the ground 
at one end, and 30 feet above the ground at the other. The slopes are 2 to 1 
throughout. How many acres of ground does it cover? 



THE LAW AND MINE SURVEYING. 

PitOVIBIONB OF THE COAL-MlNES RkOULATIOS AcTS, 1887 AKI) 1896, IN 

ItKGAKD TO Plans asd Sk(tiosr of M[sk.s. 
Coal-Mines Regulation Act, 1887. 

34. (1) The owner, agent, or manager of every mine shall keep in the office 
at the mine an accurate plan of the workings of the mine, showing the workings 
up to a date not more than three months previously, and the general direction 
and rate of dip of the strata, together with a section of the strata sunk through ; 
or, if that may be not reasonably i)racticablc, a statement of the depth of tlie 
sliaft, with a s<:'ction of the scam, 

(2) The owner, agent, or manager of the mine shall, on reijuest at any time 
of an inspector under this Act, produce to him, at the office at the mine, such 
plan and section, and shall also, on the like request, mark on such plan and 
section the then state of the workings of the mine; and the inspector shall be 
entitled to examine the plan and section, and, for official purposes only, to make 
A copy of any \>axi thereof respectively. 

(3) If the owner, ogent, or manager of any mine fails to keep, or wilfully 
refuses to produce or allow to be examined^ the plan and section aforesaid, or 
wilfully withholds any portion thereof, or wilfully refuses, on request, to mark 
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lh«n!Dti the dtnte of iJie vorkings or Uio mine, or coumaIb any part of thoie 
workiiij^ or proiliicefi nn imperfect or inacctinto pliin or section, Ite kIuH (hdImb 
ho ailovrs tiiat he was ignorant of the ronccalment, inipcrfpction, or inaccai*cy) 
he guilty of an offence against thin Act ; am!, fiirtJier, the inspector mty, bj 
notiRQ in writing (whether a penalty for ihft offonre hju or has not l>een bSietcd), 
require tlie owner, agvnt, or mana^r to cniise ao accurate plnn and sectxia, 
shuwiii); thu i>ar1iciilarti hereinbefore required, to be made within A reKsoiialtle 
time, nt tlit- exponso of the owner of ttio mine. ICvery miclt plan must be on a 
Bcalu of not loss than that of the Ordimnco Survey of 25 tncheii to the luile; nr 
on the earae scale as the plan for Llio time Iwing in use at the mine. 

(4) If the owner, agent, nr manager failit witltin twenty daya after the requi- 
sitton of the tnRpector, or within buoU fixrther time aa may be allowed by » 
Secretary of State, to cause suoli plan and section to be made as hereby reqnired, 
he shall be guilty of an offence against tliU Act. 

38. (1) Where uny mine or seatn is abandoned, the owner of the nune or 
Beam at tlic time of its abandonment ahull, vrithin tlireo monthsj aftvr the atmndoo- 
mant. RCiid to a Secrctar)' of State an accurate plan, sliowinf; the boamUrieH -if 
the workings of the mine or seam up to the time of the ulKindonment, imd Uie 
jKiaition of the workings with regard to the EuHkccs, and the general direction 
and mte of dip of tlie strata, together with a soctiun of tlic Btnita «uuk thmugli, 
or, if that is not reasonably practicable, a statement of the depth of the xbaft, 
wttli a section of tlio seanu Every Kuch plan must be on a scale uf not Icms Ibari 
tlifit of tlm Ordnance Survey of 25 luclies to tlio mile, or un tlic aatno scale is 
Ibu plan usud at Uio mine at tlio time uf its abaodouineDt. 

(2) The plan am] section uliall bo pn.-Bervcd under the care of the Secretary 
of folate; hut jio person, except nn inspector under thix Act, shall be entitled, 
witbout the consent of tlte owner nf the mine or seam, to see the plan when m 
sent until after tlie expiration of tO years from the time of the abandonment. 
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3. Plan of mine in working. Tlie plan required to be kept in punsnaaoe 
section M of the princiiial Act shall show tbu pobltion of tho workings thcrera 
menttoned wilh regard to the surface, and the position, extension, and dIrecUon 
of CTery known fault or dislocation of the seam, witb its vcrlical throw. 

4. Plan of atandoiied mine. (1) Pi-r fluli-fecUons (l) and (2) of section 3fl 
of the principal Act slmll W suhstitntMl tlio following snh -sect ions : — 

" (1) Wliore any niirc or seam is nlmndoned, tlio person who Is owner of the 
mine or w;Bni at the time of its ahandonnient shall, within three montJis after Ihr 
abandonment, send to a Secretary of State 

" (L) An accurate plan of tli«:' mine or wani, being eilh<*r tho orl^nnal working 
plan or an accurate.' copy (hereof rinidc by iv c*>m|)Otent draughti>nian, and 
sliowuig 

" [a) The boundaricB of the workings of tlio mine or seun, inclading not only 
the working faces, tut also all headings in ail\*ance thereof, np to the time of the 
abandonment; 

" \b) Tlie pillars of coal or other rainoral remaining'nnwurkwl; 
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^^^^^ in, nni) oxt«iil of every known fault or dislocation of 

the 1BI9W& its ycrtJ Ml tlirow ; 

" (^ The P4MH^he wnritin^ with r^gnnl to the Borfaco booodarj ; 

" («) The g^SfflWection and »5ip of the strata ; iiad 

"(/} A statorovnt of tha ilcptli of titv f^hafl from the flurfaco to the seam 
ahandoned; and 

*'{ii.) A section of the strata sunk th^ot^^l; or, if that is not pea«oiiahIy prnr- 
ticahle, a statCTnent of Hit- dcplli of the shjiFt, with a Hcclion of the wani. 

" Kvery Ruch {ilan must tie on 11 )4cale of not less iJian tJiat of thi* Ordnance 
Survey of 25 inches to tha mite, or on l}io Ramo sciile as Uie pliiii naed nt 
the mine at the time of its iibanilonmcnt; ami its ai-curacy tuuiit )« certified, 
RO far as \» reaaonHbly practicable, by n aupi-oyor or otlier ]ior*ou approved in 
that behalf by an in8[>ector nf mincH. 

" ;2) The plan and aeclion shall l>c preserved under the care nf tlie Secretary 
of State ; bat no person, except an inspector uiidur tlm Act, sliall he entitkd, 
withont the consent of the owner of the mine ar aeam, or the licence of a 
Saoretary of Stnle, to see tlie pinn when so sent until aftt-r the expiratjim of l«n 
ywn from tlie time of the nhandonment. I^rnvidrd that i^ticli Uccncc shall not be 
{[ranted atdess ibe 8ecri>tary of State is snlisfiod that tlm inspocliun of iiuch plan 
ia neceaaary hi tiie interests of safety." 

(2) The llij^h Cxiurt, or. in Scotland, the Court of Seiaion, may, on applica- 
tion by or on belialf of the Secretary of State, make nn order reqnirinf^ any 
pcmon who has f<ir the time being the cn^tody or poRseoBion of any plan or 
flection of an nlmndoned mine or seam, to produce it to the Sccretar)' of State for 
the pnq>ow uf inspection or copyiii}*. 




ATTRACTION OF THK MAGNETIC NEEDLE BY IRON. 
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It Is well known Ihut many suhslanves attract the needle, especially mnttnetlc 
Iron ore (called magnetiu-. or niagnclic oxide of inm, Fe/),), whilst other more 
or leea magnetic snh8tancoK iiiclmlc hematite iron ore, nickel, cobalt, mangaoeae, 
anil aome kindt* of platinum. 

The chief houix-ch uf attraction against which the surveyor niust guard are 
iron rails, girders, Hafety-lampti, or iron in any form. Il niiisl be borne in mind 
litat the mapnetii.' attraction is notintemipft'd by tlio presentx- uf roekn, and 
tjicrcfure the iruii in uric road mif^ht alYccl llic cotnpaiM needle in another 
roail. 

Dlallhtj; lamiie supiHwcd to be noD-magnvlie cati be obtained ; but Iwforv 
Iwing ndiiMl upon tlioy nhnuld lie carefully tested, as llie autJior has frer|iiently 
found that such lampA ad'eot llie nec'lle to a cirtjiin exlenl. 
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The author has made a number of cxperimenta to aacertain the effect of iron 
rails, etc, upon the needle, some of which are given below : — 

Old iron rails, about 30 lbs. to the yard, 6 yards long — 
At feet 10 inches 1 pair of rails deflected the needle J°. 
.. ,• -, n*^. 

, i^ 

1° 

,, „ „ 1J° (when raised up 

level with needle). 

At 7 feet 8 inches three rails (not three pairs) on each side of the dial 
deflected the needle lg°. 

By altering one side, so that three rails on one side were 7 feet 8 incliea away, 
and on the other side 17 feet away, 1J° deflection was given. 

With three rails on each side 17 feet distant, ^° deflection. 

At 18 feet away, disturbance only just perceptible, even with five rails on 
each side of dial. The weiglit of each rail was 150 lbs. (5 yards), so that in this 
experiment there was over a quarter of a ton of metal on each side of the dial 
at 18 feet distance. 

At 21 feet away there was no disturbance. 

When the rails were laid down again, without disturbing the dial, IJ* 
deflection was caused ; but after disturbing the needle it would settle anywhere 
with up to 3° deflection. 

Substituting new steel rails. 22 Ihs. to the yard, 4-yard rails, the results were 
OS follows : — 

After setting the needle, 528 lbs. of rails were gradually advanced towards 
the dial in distances of 1 yard at a time, starting at 14 yards distance. No deflection 
was noticed nntil a distance of 6 yards was reached, when there seemed to be a 
very slight disturbance, hardly measurable, but probably j^". 

At 5 yards the disturbance was clearly perceptible, and would be about •^^. 

At 4 yards the deflection was i°. 

At 4 yards, but instead of the ends of the rails being towards the dial, they 
were placed broadside on, the deflection was 1^ 

The disturbance of small articles which might be accidentally left near a dial 
was noted. 

A pocket-knife exerted no influence until brought within 12 inches of the 
needle. 

An iron locker 8 lbs. in weight caused disturbance at 2 yards distant ; G \\». 
of fish-plates, at 1 J yard. 

A pick, an ad^.c, and several ordinary iron safety-lamps caused no disturbance 
when 1 yard away, even if brought level with the needle. 

The conclusions the author lias arrived at from these and similar experiments 
are as follows: — 

1. That provided that the only iron to be guarded against is the rails, then 
at 8 yardH on either side of the dial it is absolutely safe. 

2. That dialling " over the rails," nnder tlie impression that the "pull "on 
one side will balance that on the other, is erroneous, and liable to Herions 
error. 

.'J. That provitled 8 yards of rail are taken up, it does not seem to matter 
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whether all the mils taken np go all on one side or one-lialf one way and one-half 
another. 

4. That small iron articles weighing not more than 2 or 3 lbs., t.g. pick, 
wedge, lamp, etc., will not disturb the needle if more than I yard away. 

5. That no ru7« can be deduced based on weight of metal and distance, 
because in one case a rail may be brought to within a few feet witliout causing 
disturbance, whilst another rail will deflect the needle twice the distance 
away, this being due, no doubt, to the rail having acqin'rcil some [termoncnt 
ningnetisni. 
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Abncy'u luvel, 220 

Acreage, meaBaroment of, 2(>M 

Avrei), variooB, 272 

Acute angle, definitioD of, 97 

AdjustmcDt of level, 208 

for focua, 212 

for parallax, 212 

Ailmiralty chart of doclination, 4(i 

Aliotb, 302 

Alnuknack, nautical, 359 

, Whitaker's, 364 

Amsler's planimeter, 272 
Aneroid barometer, 230 
Angle, definitbn of, 97 

, cosecant of, 102 

, ooniiie of, 102 

, cotangent of, 102 

, meaaurument of, 97 

, aecant of, 102 

, Bine of, 102 

, tangent of, 102 

of ilcpreaBlou, 174 

of elevation, 174 

Arc, definition of, 96 
ArrowB, 10 

AtmoBpbere, teniperaturu of, 245 
AtmOBpberio presBUru, 231 
Average dip, caloulution of, 340 



B 

Bablmgc and C'allct'B UiblcB iif logti- 

TithmB, 169 
Kack Bigbt, 205 
Barometer, 232 

, Booruid, 23C 

, compeniiatod, 235 

, flxed-Bcalo, 237 

, portable, 23« 

Itarr and Stroud ruuge-finder, U4 



Itase line, 113 

, meaauremcut of, 1 11 

Beam oompuBBea, 89 
BeanlandB, A., referred tu, 30-'> 
Bench-mark, 210 
Blue printB, 2t)0 
Boiling-point thermometer, 238 

of water at various prusauros, 239 

Booking levels, 205 

underground Burvejr, 131 

Borcher'B vnoe rod, 217 
Bore-holes, survoying, 288 

, true dip from, 340 

Box ftextant, 72 
ItrasB protractor, 91 

-, plotting with, 149 

Bridges Loe pboto-theodolite, 312 
HuUock'B lovelling-joiut, 01 
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Caloulatione, logarithmic, 104, 165 
Cardboard protractor, 'J2 

, plotting with, ISl 

Cnsarlclli's diul, 57 
Chain, ( 'nrniigli mini', 6 

, engiiiecr'B, 6 

, Gunter'a, S 

, toBting, 9 

( 'hiiiiiing, method of, 10 

, undorgrouiid, IH 

Chftldrcm, 2l» 

Chumbtim's tabloH nf iDgnrithmM, ll).'> 

ChftracttTJHtic of logHrithiiiH, H>5 

Chord, ilufliiitioii of, 96 

( 'ircio, defluilioii of, 96 

, graduation of, mitu:r'H dial, 51 

Clinometer, Abnoy'a, 220 

, Macgoorge'B, 29H 

Clinograpb, Mucgeorgn'i*, 360 
Coal Mines Rogiilation Act, Wi, :t'.l2 
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Cool pillan, 815 

■ Beams, produce of, 280 

■ , Bpeoiflo gravity of, 280 

CoUiniHtioa, line of, 210 
Oolonra, 95 
Coloured lights, 343 
Oompau, bangiDg, 65 

, maguetio, 43 

, mariner'B, 48 

, prismatic, 49 

■ , trough, 70 

Compasaes, 88 

, beam, 89 

, proportional, 263 

Coutpenriated barumc(6ir, 235 
Conneotiug euifEuo aud nndergtouDd 

aarve;^, 188 

by Professor Lireing's method, 199 

by auflpcnled wires, 193 

by tranait in Btr nine tit, 196 

by two shafts, 189 

Conteots of outtiags and embankmeDts, 

282 
Oontouriug, 227 
Ccmtour UutiB, 227 
Oo-ordEtiub^, plotting by, 155 
CopyiDjg I)Uh«, 2;)8 

by glass table, 259 

by phott^raphy, 260 

CorelatioQ of plans, 369 
Comiah acre, 272 

mine chain, 6 

Cosecant of angle, 102 
Ooaiiie of angle, 102 
Cotangent of angle, 102 
Crown lands, 268 
Carratare of the earth, 214 
Carvea, rati way 94 

' , sotting out, 331 

Cuttings, contents of, 282 

and embankments, setting out, 328 



D 

Damaged land, restoration of, 285 
Datum, Ordnance, 174 
Declination, magnetic, 43 

, Admiralty chart of, 46 

DcflnitioD of acute angle, 97 

of angle, 97 

of arc, 96 

of circle, 96 



Definition of equilateral trianj^c, 97 

of isnacelt B trinnglf, 97 

■ of obtuse angle, 97 

■ of paraUsI lines, 97 

of rectangle, 97 

of right aogle. ;>7 

of right-angled triangle, 97 

of square, 97 

of tiBpezinm, 97 

of triangle, 97 

Duparturo, 157 
DopieBsion, angle of, 174 
Dia^na] cye-pieoca, 196 
Dial, Cacarlelli's, 57 

, Haldi-n'B, 56 

, Hedley, 55 

, with telescope 63 

, inside vemier, 57 

, joint, 59 

, legs, 62 

, miner'B, 53 

, with cocentrio telescope, 64 

, with outside veniier, 58 

Dialling, faBt-ueeillo, 133, 137 

, looae- needle, 149 

Dip, raeasDreiifient of, 340 
DLatnaoomeBsaied by tooheometer, 75 

by IheNndolito, 77 
Diitorted Bcale, 224 
Drawing paper, sizes of, 95 

pen, 94 

table, 256 

Duchy of Lancaster, 268 
Dumpy level, 201 



E 



Earth's curvature, 214 
Barthwork, oaleulatton of, 282 

, tables of, 284 

Eccentric teleacope, 64 
Eidograph, 263 
Elementary geometry, 98 
EkvatR'-n, augleof, 174 
E[Dbaiikm.eiuti), coutoiita of, 282 
EngiDfeer's chuin, 6 
Eulnrgi'm,unl of plriaa, 261 
Equilateral triangle, deflnition of, 97 
" Erw," 272 

Estate, surrey of, 18, 25 
Euclid's elements, 96 
Exploring for iron ore, 349 
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Fut-needle diaUing. 133, 137 
FaulU, delioeatioD of, 258 
Fixed-Bcale barometer, 237 
FocoB, adjuatment for, 212 
Foot wall, 183 
Fore right, 205 
FroQoh miDiog plans, 155 
Fallor*s slide rule. 277 



Inclined scams, pillar in, 317 

shafts, meaBoroment of, 252 

Ineide-Temier dial, 57 

Instrnmenta for plotting, 85 

Intermediata s^ht, 205 

Iriah acre, 272 

Iron mils, inflnenco of, 394 

Isogonals, 41 

IsoBcelcii triangle, 97 



O 

Geograpliical meridian, 43 

, method of finding, 356 

Gecnnetry, elementary, 98 

, practical, 99 

Gilbert, G. K., referred to, 243 
GiTc-and-take lines, 268 
GlaM table for copying plans, 259 
Goodman's planimeter, 27S 
Gradient, setting out, 326 

, telemeter level, 219 

Graduation of oirde, miner's dial, 54 
Gribble, Theodore G., referred to, 23a 
Ganter's chain, 5 



Halden's dial, 56 

Hanging dial, surveying with, 147 

compass 65 

wall, 183 

Heading, setting out underground, 325 
Hedley dial, 55 

with telescope, 63 

Henderson's rapid truverrar, 72 

, plotting survey made with, 180 

, surreying with, 144 

Hoffman levelling-joint, 59 



liluminBtioi) of cross-wires of thcodulitc, 

71 
Improved drawing-table, 256 
laclination of strata, 801 
Inolioation, measurement of, with dial, 

55 
Inclination, rednoUon of length duo to^ 

126, 170 
luolined seams, tonnage in, 281 



Jee's levelling-staff, 204 
Joint, dial, 59 



Kay's nilo for size of pillar, 315 



I^mp for theodolite, 71 
Lamp-cups, 62 
Lancashire acre, 272 
Lancaster, Duchy of, 2t;8 
Latitude, 157, 359 
Lease, term of, 2GG 
Legs, dial, 62 

, telescopic, 62 

LeiccBlarahiro acre, 272 
Lenglh of off-sets, 24 
Level, Abney's, 226 

, adjustment of, 208, 210 

. dumpy, 201 

, gradient telemeter, 219 

, Y, 202 

Level-book, method of kocping, 205 

lievelling by angles, 22(1 

, barometric, with three baromoters 

242 

by boiling-point thermometer, 238 

with barometer, 231 

with straight-edge and spirit-level 

218 

with theodolite, 227 

with watur-lerel, 218 

LevelUng-joint fur dial, Bullock's, 61 

, Hoffman's, 59 

Lerelling-icrewB, 202 
LeveUing-staff, 203 

• pit, 208 

Life interest, 266 
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Pit leTelling-Btaff, 203 
Plane tabic, 341 
PlaDimeter, 272 
Plans, copying, 258 

, French mining, 155 

, importance of acourate, 'i 

, notes on, 255 

, reduction and enlargement of, 2G1 

, uses of, 1 

Plotting on Bqnnred paper, 163 

section ftom contour lines, 231 

Bnirey made with Henderaon's 

traTerser, 180 

trigonometrically, 155 

with drawing-board iind T-square, 

163 
Pole, meaauring, 7 

■ star, 361 

Poles, surveying, 14 
Portable barometer, 2: (6 
Pmctical geometry, 99 
Pricker, 90 

Pricking through, 260 
Prismatic compass, 49 

stadia telescope, 80 

, staff for use with, 82, 83 

Prismoidal formula, 283 
Produce of coal-seams, 280 
Proportional oompaBsefl, 2G3 
Prospecting for minerals with magnetic 

needle, 340 
Protractor, 91 

, brass, 91 

, cardboard, 92 

, Ogle's, 154 

, Percy's, 93 

, vernier, 152 

with folding armn, 92 



B 

Railway ourvoH, 94 

, setting out, 331 

pilhuB. 315 

Bango-finder, 84 

Bulging out survey lines, 14 

with theodolite, 118 

Bapid traverser, Henderson's, 72 
Bectangle, 97 
Boduoed level, 207 

BcdDction of lengtlt due to inclinati<Hi, 
126. 17(1 



Roduoliou of plan, 261 

Bofraction, 214 

Bight angle, definition of, 97 

Right-angled triangle, 97 

Rough ground, measuring, II, 118 

Royalty, 266 

Riiokor, Professor, referred to. 44 



S 

t^ksole, natural and distorted, 224 

, offset, 86 

Scales, 85 

Scaling of coal worked, 271 

Scotch acre, 272 

Secant uf angle, 102 

Section plotted from levels, 223 

Sectional paper, enlarging or reducing 

by, 264 
Set sqniires, 91 
Setting out, 319 

curves by angles, 335 

by offsets, 331 

cuttings and embankments, 328 

gradient, 326 

tunnels, 329 

Sextant, 72 

Shaft, setting ont, 332 

Shafts, measurement of, 251 

Shale-heap, contents of, 285 

Short's grailient telemeter level, 219 

Sine of angle, 102 

Sizes of drawing-paj er, 95 

Slide rules, 277 

Solution of triangles, 20, 107 

Specific gravity, 279 

of various substances, 280 

Square, definition of, 97 

measure, 17 

Staff, levelling, importance of correctly 

holding, 213 
Stang planimeter, 273 
Stanley's theodolite, 69 

area-computing scale, 276 

Stars, observation of, 361 

Station iM-gs. 16 

Statute acre, 272 

Steavenson, A. L., referred to, 363 

Steel tape, 7 

, aoouraoy of. H 

Straight-edge, 80 
Suliaidence, 842 
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Borrooe surreyiDg with theodolite, 113 
Barface works, setting out, 819 
Sarvey book, 19, 25, 30 

'■ , trigonometrical BDrrey, 176 

, underground, 131 

, booking a simple, 19 

, diBOOvery of errors in a, 22 

line ranging oat with theodolite, 

118 

linea, number of, 25 

■ , ranging out. It 

, loose-needle, 129 

, Ordnance, 117 

, plotting a simple, 19 

Surveying bore-holeB, 288 

, photographic, 307 

-, railway, 40 

, town, 120 

underground with theodolite, 142 

with chain aad pol<^B, method of, 18 

with hanging dial, 147 

with Honderson's rapid traverBer, 

144 

with plane table, 314 

with priamatio compwa, 144 

with theodolite, 112 

Ban'eying-poles, 14 
Surreyor's measures, 17 



Taobeometer, 75 

, prismatic, 80 

Tables, earthwork, 284 

or logarithms, Chambers's, 105 

, Babbage and Callet's, 169 

, traverse, 169 

Tangent, 102 
Tape, 6 

, steel, 7 

Telescopio legs, 62 
Thalen's magnetometer, 350 
Theodolite, Dridges Lee photo, S12 

tamp, 71 

legs, 62 

, measurement of distaiicos with, 77 

, Stanley's, 69 

, surfaoe surveying with, 1 13 

. surveying undei^jround, 142 

TbeoduHtes, 68 

, size of, 69, 112 

, transit. 68 



Theodolites, use of, 69 

Thorpe, Professor, referred to, 44 

Tiberg's inclinator, 352 

Tonnage, aaloalation of^ 279, 281 

Town surveying, 120 

Tracings, 95 

Transferring plans, 259 

Tiapezium, 97 
I Traverser, Henderson's rapid, 72 
j Triangle, deflnition of, 97 

I , equilateral, 97 

' , isosceles, 97 

I , right-angled, 97 

, Triangles, measurement of acreage by, 

I 268 

I Triangles, solntion of, 20, 107 

j Triangnlation, US 

, Trigonometrical plotting, 155 

I Trigonometry, 96, 102 

, Trough compass, 70 

I True north, 356 

I dip, 340 

, Tunnel shafts, 829 

! u 

i Undeiground survey, plotting, 149 

I surveying, 129 

I with miner's dial, 129 

j with theodolite, 142 

I workings, delineation of, 258 



Variation of magnetic declination, 43 

needle, diurnal, 44 

Vernier, explanation of, 66 

, inside, 57 

, oatafde, 58 

, protractor, 152 

, nse of, 67 

W 

Warburton, 8. A., referred to, 360 
Water-level, 218 
Welsh acre, 272 
Westmorland acre, 272 
Whitaker's almanaok, S64 
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AuSFiCBS OP Habvard U NivB/tsiTY.) Iswwl Qnanerly. 41a, a/, net. 
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LONGMANS' JUNIOR SCHOOL ALGEBRA. By William S. 
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CONIC SECTIONS, ETC. 
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also ft Cluipter on th« Culctuiu of Variaiitms, with nuiurroua Enunplea. 
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Seuntiju Works published by ijmgmans^ Grun, A* Co. ri 



GEOMETRY AND EUCUD. 
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LOWS ADJUSTABLE PROTRACTOR SET SQUARE. «. &/. net. 

LONGMANS- BLACKBOARD F.NOIJ-SH AND METRIC RULE. Onr 
Metre; naftrked in d«cinieirc«, oeniimettc*. incbci. hilf-tnches and quarler- 
iitdwi. a/. W. 
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HV/5CA^.— GEOMETRICAL DRAWING. For the use of 

Candidal<» f'jr Army Examinations, and ns an Introductioo to Me^nuiictl 
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by C. RiBORG Mann .ind Roskxt A. Millixan. Aaaistam Profcawra of 
Ph>-sks at tbe Uoivervity of ChK^ga With no Dtagrunn 8vo., is^. net. 
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VANDERPOEL.—COhOV. PROBLEMS : a Practical Marual 
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M^.^/t;^?'.— OPTICAL PROJECTION: a Treatise on tbe Use 
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CASEY. — \ TREATISE OX ELEMENTARY TRIGONO- 
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<;(?0/>rf/iV.— PLANE AND SPHERICAL TRIGONOMETRY. 
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JONES.~\HK BEGINNINGS OV TRIGONOMETRY. By 
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/?£;»rr^jV.— ELKMENTAKV I'RACIICAI, SOUNO. LIGHT 
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.£J/7M6r^.— LIGHT. By W. T. A. Emtaob. M.A, Director of 
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MAXWELL.— TWeX^^H OF HEAT. By J. Clerk Maxweli, 

M.A., F.R.SS.. I- and E. With Corracliont and Addilmos tir Lord RAT 
UCI6R. With 38 IlluslnUioos. Fcp. ftva, 4J. bd. 

/'/./^A'C^.— TREATISE ON THERMODYNAMICS. By Dr. 
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WRIGHT.— W'oiki by MARK K. WRIGHT, M.A 
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ADVANCED BUILDING CONSTRUCTION. By the Author 
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Crown 8vo , ^t. fuL 

BJr.NN.—'?>T\'\.K IN FUKNITURE. By R. Davis Behn. 
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^0(3^£i?.— ELEMENTARY PRACTICAL BUILDING CON- 
STRUCTION'. By F. W. B<X)t£Kii. With Illusiraiions. Crown 8»o.. w. M. 

.fft/j^^^ZZ..— BUILDING CONSTRUCTION. By Edward J. 
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GlV/ZT.—Aii ENCYCLOP/!';niA OF ARCHITECTURB. 
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PARKER ASD l/mV/M— THE ART OF BUILDING A 

HOME : A Collection or Lectarcs and Ulunmions. By Darrt Pakker ind 
Ravuund Tj'nwis. With 68 Ku1l-pngr Ilato. 8vo.. lot. 6d. nrt. 

^yC/r//-ffZ?i'.— BRICKLAYING AND BRICKCU'ITING. By 

H. W. Richards, Exaniiner in Drtdcwork and Matonrr to the City and GuiMi 
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ROH'E.—rUU LIGHTING OF SCHOOLKOOMS : a Manual 
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T//OMA S.—THK VENTILATION. HEATING ASD 
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Part in. Materials. With 188 Illustrations, i8i.net. 
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BALE.-h HAND-BOOK FOR STEAM USERS; being Rules 

(or EnRinr Un^m and Boiler Alimdnnts, with Nods an Stesmi Engine and 
Boiler Miuwgetncm nnd Slram lioilcr Kxplosioni. By M. PowiS BALK, 
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Clrrk, MemlKi of the iTutiiimicui o( Civil EneiiKen, Fdlow of the Cbemical 
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Agenu. With aaS IHmtnttions. 8vo., \y. 

DIPLOCK.—\ NEW SYSTEM 01- HEAVY GOODS TRANS- 

K>KT OX COMMON ROADS. By Bbamah JOSKI'H DipLOCK. With vj 
Illustriitiutu anil Uiagrariis. Medium 8vo. , tn. 6d. net. 

^/.jCrC^^A*.— ENGLISH AND AMERICAN STEAM 

CARRIAGIS AND TRACTION KNOINES. By WiLLIAU FLETCHER. 
M. lD»i..Mcch.E. Wiih 350 lilustrations. fivo., 151. net. 

HOLMES.— TH}S, STEAM ENGINE. By George C. V. 
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itofu. Fcp. 8ro., 61. 

LOiV.-^IHK DIAGRAM MEASURER. An Instruracnt for 
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Technical College, London. With Full Intinjction.'> for Use. i/. net. 

JV£/LSOJ^.—THK STEAM TURBINE. By Robert M. 

NtiLSOM, AuocLii<; Member of tbe losiltute of Mechaoical Eogincera. etc 
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MORJilS.—h PRACTICAL TREATISE ON THE 'OTTO' 
CYCLE GAS ENGINE. By William Norkis. M.l.Meeh.E, With 307 
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PARSONS.— %\1L:\U BOILERS: THEIR THEORY AND 

DP-SIGN. By H. BF. B. PARSONS, B.S., M.1%.. Consulting Engineer; 
Member of tbe Amerlciiii Society of MecbttniaJ P.nginecn, American Soci«l>' 
oT Civil Engineers, etc ; ProCtasor of Steam F.DKine«ring, Reoudaer Poly 
lecbnic Institute. With 170 lUunndons. Svo., 101, t>ti. net. 

^//V»£i¥.— Works by Wrt.LIAM RIPPER, Professor of Engineer- 
ing in the Technical Department of University College, Sheffield. 
STEAM. With 185 Illustrations. Crown 8vo., 3S. dd. 
STKAM ENGINIi THEORY AND PRACTICE, With 441 

lltosiralions. 8vo., 91. 

SENNETT AND Cj?v4J/.— THE MARINE STEAM ENGINE: 
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STROMEyER.—-iAh^VAV. BOILER MANAGKMENT AND 
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Mechanics, Workshop Practices, and Boiler Design. By C. B. Stkouetsk, 
Chief Engineer of the Mancheater Sieaai \2weii' Associntion, Member of 
Councd oT the Insiiiuiion of Navml Architects, etc. With 453 Diagrams, etc. 
Svo.. i». net. 




ELECTRICITY AND MAGNETISM. 
AItJiNENIUS.—.\ TEXT-BOOK OF ELECTROCHEMIS- 

TRY. By SvAKTB Arrhenius, ProfHcsor at Ibr Unifcmly of Stockholm. 
Tnuulatcd from the Gmnan Edition by John MrCRAl. Ph.U. WiUi jS 
lUusirattoos. 8vo., 91 bJ. nrL 

C-4^ £^5- IF/Z5t? .V—ELECTRO-DVNAMICS: the Uircd- 

Cuirrni Motor. By CiiABi RS Asiii.EV (_ arl'S-Wii.s^n. M.A. CanUb. With 
71 I>ia^rams, and a Sprivs of I'roblrms with Artswos. Crown Sto., 71. 6tf. 

C^'^./J/^/A'C;.— ELECTRICITY TREATED EXPERIMEN- 
TALLY. ByLiNN«u&CUMMiNG.M.A. WiibfttsUhntTmiioas. Cr9vo..4j.U. 

GOUE.—THV. ART OF ELECTRaMETALLURGY, induding 

all known ProccsscsotEkcin>-I>ep(Hii»oR. HyG. GOKK. LL.O.. K.R.& WilS 
56 Illusiratiotis, Pep. 8vo., 6j. 

^JEA'/^^it^CiV— \Vorksbj'JOHNHENDERSON.USc.,F.R.S.E. 
PRACTICAL ELECTRICIT\' AND MAGNETISM. Wiih 

I S7 Illuslralions ard Di»);;nuii». Ctowo fivo., 71. 6d. 

PRELIMINARY I*RACIICAL MAGNETISM AND ELEC- 

TRICn-V. Crown 8vo.. u. 

UIBBERT. — MAGNETISM AND ITS ELEMENTARY 

MEASUKEMKNT. By W. Hibbebt, F.I.C. A.M.I.E.E. With 55 
Diagrams Crown 8vo.. 21. 

y^A^A'/A^.— ELECTRICITY AN DM AGNE'l'ISM. By Fleemihc 

JENKIN, F.R.S., M.I.C.E. Will) 177 Illu-itralions. P'cp. 9vo., y. bd. 

/C'i7.Z/£/?7-.-ELEMENTARV TREATISE ON ELECTRICITY 

AND MAGNKTISM. By G. (. arkY Foster. KR.S.; and Alfred W. 
PoRTRR. D.Sc. Koundnd un JoI'BBRts 'Irait^ Hli^menuW d'l*lleciru:it£', 
Wiib 374 lUuitnitiontaiK) Diognunt. Svo., loi. bd. no. 

yOyCf.— EXAMPLES IN ELECTRICAL ENGINEERING. 

By SAMUkl JorCK, A.[.E.E. Crown 8vo., 51. 

^£^.^//7£i:Z?.— MAGNETISM AND DEVIATION OF THE 

COMP,\SS. By John Mskkipiklu. LL.D., F.R.A-S.. i8mo.. v. 6rf. 

A4jP.ff.— PRACTICAL ELECTRICAL TESTING IN PHYSICS 

AND ELECTRICAL KNOINEKKING. ^y O D Aspinall Pakr. Amoc 

H.I.KE. Wdh 331 niusltrtU'-ns. 8vd.. 81. 6rf. 

PO YSER. —\\oi\^% by A. W. POYSER, M.A. 
MAGNETISM AND ELECTRICITY. Wiih 235 Illustrations. 

Crown Bvo, , aj. ftrf, 

ADVANCED ELECTRICITY AND MAGNETISM. With 

317 lUustrations. Crown 6vcl, 4j. 6J. 

HHODES.—Mi ELEMENTARY TREATISE ON ALTER- 
NATING CURRENTS. By W. G. RnoDU, M.Sc. (Vici.). CoosuUbi 
EngioeiT. With So DLagrama. &vo., jt, 6d. am.. 

SLINGO ASD IiKOOKER.^\\ox\A by W. SLINGO and A. 
BROOK ER. 
ELECTRICAL EN(iINEERIKG FOR ELECTRIC LIGHT 

ARTISANS AND STUDENl'S Wnh 383 llltmralions. Crown 8vo.. i«. 

PROBLEMS AND SOLUTIONS IN ELEMENTARY 

ELECTRICITY AND MAGNEl ISM. Wuti 98 lUusiruiions. Cr. Bro.ai. 

T'KA'/Jy^/.Z.— WorksbyJOHNTYNDALUD.CL..F-R.S.Seep.36. 



TELEGRAPHY AND THE TELEPHONE. 
ffOPJC//^S. ^rVA.F.PHOSE LINES AND THEIR PRO- 
PERTIES. By Wii.uAW |. Hopkins. ProteKW of Physics in the Drexel 
InMitutc. PhilodpIphiiL. Crown Sva, 6i. 

PREECE Ayo S/rElVR/GffT.—'VEl.EC.HAPH'V. By Sir W. 

H. Pmcech. K.C.B.. K.RS., V.P.Inst.. C.E.. «e.. CoMuliing KngLiieer and 
Ktecirician, PostOfBcrTclcgniphs; and Sir J.Sivbwriuht. K.CM.G., General 
ManagPT. So«tlh Afncan Trlriraphs With 967 niilttntliotu. Fcp. Svo., 6j. 

ENGINEERING. STRENGTH OF MATERIALS, ETC. 
A.VDERSOA^.^THE STRENGTH OF MATERIALS AND 

STRUCTURES : the Strfn|{tti ii( MatcrtnU as drpntriing on lltL-ir 1,^ualilr and 
as aaoeflained by TaltnK App^imtus. Bv Su J. ANnKRSOM, C&., l.f^D., 
F.R.&E. With 66 niusif.ilions. Fcp. Svo., 31. 6rf. 

^^i^i^K— RAILWAY APPLIANCES: a Description of Details 

o' Rails'av ConstnKtion suti>.«^iKnt 10 ttw^ completion of ihe Kirthworlu and 
SinKiufei. Bjr Sir John Woij-z Bakrv, K.C.B.. F.R.S.. M.I.C.E. With 
3iS Illiutratlons. Fcp. 8vo., 4/. 6J. 

D/PLOCA'.^.\ NEW SYSTEM OK HEAVY GOODS TRANS- 
PORT ON COMMON ROADS. By flKAHAU Joskpm DlPlxxrt Wiib 
37 [UuMratkinv Svo.. 61. &/. nei, 

GOO£>AfAM—MEQH.\^]Cii APPLIED TO ENGINEERHifG. 

By JOHH Goodman, Wb.Sch-. MJ.C.K.. M.I.M.E.. Professor of EngiLeering 
ick UK Univeriity of I^eeds. With 714 Illastraiions and numerous tSamples. 
Crown 8T0..9/. ocL 

LOiV.— K POCKET-BOOK FOR MECHANICAL EN- 
GINEERS. By David Allan Ixiw (Whilworih Scholar), M.I.M«:h.E., 
ProfctSM of Engineering. Kasl l^onrfon Technical College {J*eoplc'i PalaeeJ, 
Ijindon. Wiihovn' tooo specially prepaml Illustrutions. Fcp. Sva.KiltMlga, 
rounded curnera, jt. 6U. 

PARKINSON.— UQH'X RAILWAY CONSTRUCTION. By 
KicMARt) Mabiun Parkinson. Assoc.M.lnst.CB. Witfa 85 Diagrams. 
8vo.. 101. 6d. net. 

5il//r.^.— GRAPHICS, or ihe Art of Calculaiion by Drawing 

Lines, applied especially to Mecbanual Engirecrrmg Bjr Rorkkt H. Smith, 
Professor of Fngineenn^, Nfason College. Birniinittuuit. Part I. With 
sepHialc Atlas of 29 Plate coni-iimng 97 DiaKTamh. 8vo., t^i. 

STONEY.—I'HK THEORY OF STRESSES IN GIRDERS 

AND S1MIIJ\R STRUCTURES: wiih Ptaciical Observations on itw 
Strength and oiber Prciperti« of Mateful*. By BlNDOM B. Stohkv, LL.D., 
F.R.S.. H.I.CE, With s Plnlm ami 143 lllusi. in the Ten. Roralflvo., jfit. 

UNW/N.—IH'E TESTING OF MATERIALS OF CONSTRUC- 
TION. A Tr»i-bfKjk for Ute KnKint<TinK Labotatory and a Collectioo of the 
Results of Experiment. By W. CawteioKNK Ukwin, F.R.S., B.Sc With 5 
Plates and 188 Iltuslratioos jnd Diagrams. Svo.. i6j. net. 

lfC4i?i?^A^— ENGINEERING CONSTRUCTION IN IRON, 
STEEL, AND TIMBER. By William Hrkrv Wakrkn. CTiallis Profeasor 
of Civil and Mechanical Engineering, L'nivertiiy of Sydney. With 13 Folding 
Plates and 37s Dtagi^inii. Royal 8vo.. i6t. net. 

IVNEElE/i.—rHE SEA COAST; Destruction, Littoral Drift, 
ProtBciioo. By W. H. Wrkkijir, M.InM. C.E. With jS lllonTmiions and 
Dlacnin. Medium 8va, lot. 6tf. «ei. 



tN Scientific Works published by Lfim^maiu^ Green, &* Co. 



LONGMANS' CIVIL ENGINEERING SERIES. 
CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION. 

By tJ^-BSON Krancis VmiHON.H*licoi:i<r, M.A,. M.lful.CK. Wiih .|6B 

lllustnilkitn. Meiluini Bro., 141. net, 
CoKiBxTi.— MawrUI*. Pielimlri«ry Wotki^ FoundAiioni tnd Roadi— SiHway Bridfe aod 
TdDiMl EnfioMring— Kiv«t tiid Caai! E nf ioeniDy— IrrlKiiioo Wark»'>Doek Wo(k* ind 
HaritiitM Enciae«H(>f^!^*aiUr)' ED(iii»«riD(. 

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C. 

CoiMJV, <.'.B,, M.in:M.CK. Wild 36;; Illnslntliotu. Mndinm 8*0., an. net 

CALCULATIONS IN HYDRAULIC ENGINEERING: a 

n«Liic»l Teat-Book for the use of SludvRU, t)raughUDien aud Engiiweiv By 
T. CLAXTON FEDI-ER, M.lnsl.C.E, 

Part I. Fluid Pressure and the Calculation of its Effects in En- 
gioMfinK Structures. With oiunerous lllustns. ancl EsAmplcL 8<ro.,6/. 6ii. net 

Part II. Calculations in Hydro-Kinetics. Wilh numerous Illus- 

(TallonsniKl Kmnipla, 8vo. . 71. 61'. net. 

RAILWAY CONSTRUCTION. By W. H. Mii.i^ M.LC.E-, 

KaKinod-tnCtaief of th« Great Kortbern RaQwajt of Ireland. Wiih 516 lllus- 
tiaiions and Oiaeranii. 8vo.. t9i, iM, 

PRINCIPLES AND PRACIICE OF HARBOUR CON- 
STRUCTION. By William Shield. F-R.S.K.. M.lnii.C.R. With 97 lllia- 
iratians. Medium 8«x>., 151, nrt, 

TIDAL RIVERS: their (i) Hydraulics, (2) Improvement, (3) 
Narigatioji. By W. H. Wiibki.kk, M.Inst.C.E. Wiih 75 Illustraiioiu. 
Medium 8vo. . tbs. riM, 

NAVAL ARCHITECfURE. 
ArriVOOD.—Works by EDWARD L. .VrPWOOD. M.InH.N.A., 
Member of the Royal Corps of Naval Construction. 
WAR SHIPS: A Text-book on the Construction, Protection, 

Stability, rufniitg, etc.. of \Vm Vessels. With numtraiis Diagrami. 
Metliutit 8vo.. loj. 6rf. ncl. 

TEXT- BOOK OF THEORETICAL NAVAL ARCHITEC- 

TURK: A Manual Tdt Students of Sriencf ClBSsesand DrauithUincn Rofagnl 
ia Shipbaiilder:.' and Naval Architects' Drawing Offices. Wilh 1 14 Diagraiiu. 
CrowD 8vo., 7f. 6d. 

/fOLMS.—VRAf:riC\h SHIPBUILDING: a Treatise on the 

Slruc ural Design and Duildinsof Modem Steel Ve--sels, tlw wnrit of rontirue- 
t)0»> from the making of the raw maicrm) to the equipped rasel tnduiling 
labMqiKRt up-kcep and repairs. By A. C'ahi'BIII.L lloijis, Memtier ui llie 
Inslitinion ol Naval Archii<-cu, etc. In 3 volt. (Vol. 1.. Teal, medium Svo. ; 
Vol. II,, £>ia|iranit and niuMmtvortt, oblong 410.) 481. net. 

WATSOAr.—S AVAL ARCHITECTURE : A Manual of Laying- 

off hiMi, Strt-i and Contnamit:^ VeLseLv By Thouas H, WArwifJ, L.vciurrr on 
Naval .Architecture at toe Durham College of .Sciriur, Nrwcasile-upan-TTne. 
With numeroiii Illuitralions. Royal 8»o,. i%i. net. 

WORKSHOP APPLIANCES. ETC. 
A^Oi^r^COTT.— LATHES AND TURNING, Simple, Mecha- 

QicAlandOaaiiiental. By W. H. NnitTHrnTi'. With 338 IlhisiniiKKis. 8vo, ,i8r. 

5/^i?/,Z^K— WORKSHOP APPLIANCES, including Descrii>- 

lions of some of the Gauging and Measuring In&ttuniefits, Hand-cutting loots. 
Lathes, Drilling. Planeing. and other Machine TooU and by Eagineen. By 
C. P. B. SHKLi-Jtr. M.LC.E. Wilb an additional Cbapter on Milling by R. 
R. LtSTsa. With ya% lllnstnitkini. Fcp. ivty. ^ 



MmJk 



MACHINE DRAWING AND DESIGN. 

LONGMANS' LIST OF APPARATUS FOR USE IN GEO- 
METRY, ETC. 

1. LONGMANS' ENGUSH AND METRIC RULER. Marked on on« ed^ 
in Inches. Eighths. Toattu and Five-fifths. Mvlwd on tbc other edge Hi 
Centimetre*. lYice irf. i»ei. 
a. LOWS LMFROVED±»ETSQUARItS. Designs A A a 4^*060°. 
A I 45" 4" 1 J fl I 45" 4" each 1,'- net. I A i 6a° 4'' ^ i B i 60* 4" each l/- net. 
A a 4^6" VotjH3 45 6' .. 13 .. A a 60=* 6" }ot{M » 60" 6" .. 1/3 ., 
A3 45°64"( U 3 45'' 8k".. »• .. I A 3 6c^ 84*J Ui 3 60" 81" .. a/" .. 

3. LOWS IMPROVED PROTRACTORS (Celluloid). Protractor No. a. 3" 

raditts, iiiarkt^ iti degmrs, (ni. tM*. PioifOLtor No. 3. 4" radiuft, mArkfid in 
A-dcgroet, a>/. iKt. 

4. LOVS ADjCSTADl.f-: PROTRACTOR 5KI SQLARE. a/. 6rf. net. 

S- LONGMAN.S BLACKWOAKD ENiiLISH AND .METRIC RULE. One 
Motre; marked in deuiinrlfA, ceiiiiniciics, inches, Italf-incbcs and qiutrter- 
incbes. zi. 61/. 
',* .-f iJttaiUJ and Ittuarattd Fmtftttvi will it u/U on af^Uation. 

ZOW'.— Works by DAVID ALLAN LOW, Professor of Engineer- 
ing, East London Technical College (People's Palace). 
AN INTROnUCnON TO MACHINE DRAWING AND 

UESIG.N. With 153 Illustrations nnd I>]ngninis. Crown Svo., ai. bd. 
THE DIAGRAM MKASURER. An Instrunjenl for measuring 

the Areas of Irregular rigunw and Npcciitlly nsrfnl for drt<-rjnming \\\v Mean 
Kflt^ivr PrcMUir from Indicilor l>ia|;rams Iram Steam, Gas and other 
Kngiiin. Designed tiy I> A. I^iw. With Ftill l»alniciian\ for Use. 11. net. 

LOW AND BEVJS.—k MANUAL OF MACHINE DRAWING 

AND DE.'SIGN By David Allak Low and AuRKti William Hrvis 
M.I.Mecb.E. With 700 J Uustrui lom. B<ro.. 71. 6d. 



UNWIN.—TWE ELEMENTS OF MACHINE 

W, Cawiiiohnk Unwin. K.R.S. 

, Part I. General Principles, Fastenings, and 

Machtner]'. With 343 Diagrams, etc. Pep. 8va, jt. 6d. 

I Pan II. Chiefly on Engine Details. With 359 
^^L Fcp, 6va. &(. 



DESIGN. By 
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Illustrations. 
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MINERALOGY. With 



373 
236 



Illustrations. 
Illustrations. 



MINERALOGY, MINING, METALLURGY, ETC. 
BAUER MAN.— Works by HILARY BAUERMAN, F.G.S. 
SYSTE.MATIC MINERALOGY. 

Fcp. 8vo, , bs. 

DESCRirriVE 

Fcp. avo..6i. 

BREARLEY axd IBBOTSON. — THE ANALYSIS OF 

STEELWORKS MATRKIAIA By HarKY nttKAiLtr and Fnkd 
Ibmtson, B.Su (Lond.), Demonstrator of Mirrogmiihic Analysis, L'niverutj 
College, Sheffield. With itj Illusifa[ton&. 8vo., 141. net. 

GOR£.—TH^ ART OF ELECTRO-METALLURGY. By G. 
GOttB. LLJX, F.R.S. With 56 lUuttraiionL Fq>. 8va.^. 



MINERALOGV, IHININC. METALLURGY. ETC.-f»ff//MM.y/. 

HUNTINGTON AND MCMILLAN -U^r^kMi-. their Proiwrties 

and TiraimcnL By A. K. Hckiikoton. Professor of Meullurgy in King'i 
College, London, and \A'. O. M 'Millan. Uic Uecturcr on Metallurgy In Muon'i 
College, BirminKham. With 123 II lust lal ions. Fcp. 8vo., ji Cut. 

ZC//*r(?iV:-Works by ARNOLD LUPTON, M.I.C.E., F.G.S-.elc. 
MINING. An Elcnientar>' Treatise on the Getting of Minerab. 

With a Geological Mnp ot ihr Briiisli I5W, ufhI 596 Diii|Tsin& luwl inustra- 
lions. Crown 8vo,, 9J. r«. 

A PRACTICAL TREATISE ON MINE SURVEYING 

With aog 1 1 lust rxl ions. Sva., 131. nrl. 

^//^.'Ji?.— METALLURGY. By E. L. Rhrad. lecturer on 

Metallurgy at the Mnnicipftl TcHinioil Scbod, Manchencr. Wiib 94 Hltmn 
lions. Pep. Svo., y. (ui. 

KHEAD ASD ,S£A'7r>/V.— ASSAYING AND METALIXR- 

GtCAL ANALYSIS for the use of Siudenu. C'hemnu and Assaycrs. By E. L. 
Rhrad, I..rctuiTTon Mriarhirey, Municipal Soluwl of TcdirMjio^, Manrhener ; 
and A, HUUBOI.DT .Skxton, K.l.t:.. K.C.S, Prolcswrol Metallurgy. Ulasgow 
and We^l of Scotland Techniutl (.olJrge. 8*0., loj. &/. net. 

RUTLEY.—TWV. STUDY OF ROCKS: an ElcmcnUry Tcil- 

book of Petrology, By F. KuTL.I<r. F.Q.S. With 6 Plaiea and 88 olbcr llb» 
(rations. Fcp. Svo . 41. 6^. 



ASTRONOMY, NAVIGATION, ETC. 

v4-ffi^(3r7:^ELEMENTARY TliEORY OF THE TIDES: 
the Fundamental Tlieorv-ms Demonnraied without Maibeniaticft and (be In- 
Auenoe on the Length of the Dxy Discussed. By T. K. Aiihott. B. D. . FdloM 
and Tulor, Trimly CollPRe. Diiltlm. Crcwn 8vo , ar. 

.ff^Z/..— Works by Sir ROUERT S. BALL. LL.U., F.R.S 
ELEMENTS OF ASTRONOMY. With 130 Figures and Uia- 

gmina. Fcp, 8vo. . fa. i>d. 

A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. 

Fcp. 8vo., II. btL 

C/ZZ.— TEXT-BOOK ON NAVIGATION AND NAUTICAL 

ASTRONOMY. By J. OiLI.. F.R.A.S. NVw IM.tin:. Augnw^uicd and Re- 
arrengnl In- W. V, MfUitiKiri.n, K.A Mnlnttu Svo.. icu. 6^, net. 

.^^^.SC^jFZ.— OUTLINES OF ASTRONOMY. By Sir John 

F. W. Hrrschki., Ban., K.H,,etc. With 9 Plates and numenjux t>iBgiuiit. 
Svo.. Iftr. 

LAUGHTON.—h^ INTRODUCTION TO THE PRAC- 
TICAL AND THiiORF-TICAL STUDY OF NAUTICAL SURVEYING. 
13y)oiiN- Knox LAr<imON.M..A.,F.R.A.S. Witli 35 DUgratni. Cro*o8va,6/. 

.^./^^r/iV:— NAVIGATION AND NAUTICAL ASTRONOMY. 

Compiled by Staff Commander W. R. Martik. R.N. Royal 8»o., 181. 



ASTRONOMY. NAVIGATION. ETC .- f bw//»M«Er. 



MERRIFJELD.—k 

tbe Use i'( Siudeou. 
CfaarU and Dkuctanu. 



TREATISli ON NAVIGATION. For 

By J. MRRIi)riBI4>. LLD.. F.H.A.S.. F.H.S. Wuh 
Lrovrn Svo,, 51 



WORKS BY RICHARD A. PROCTOR. 



/V^^A'^i?.— ELEMENTS OF ASTRONOMY. With Ntimerous 
EKAinpla snd (Examination Pxpen. By Georgk W. F'akkick, M.A.. o( 
Trinity College, Dublin. With 84 Diaip^mL 6vq., %i. 6J. nci 

;r£5^.— CELESTIAL OBJECTS FOR COMMON TELE- 
SCOPES. By the Rfv, T, W. Wkbb. M.A.. F.R.A.5. Fifth Ediiion. 
LRcvi>rd and Errally Enlarged by the Kcv. T. E. Esi-JN, M.A.. F.R.A.S. [Two 
Volumes.) Vol. I,, with Pottroit and a. Reminiscence of the Author, 3 PUte», 
and numerous Illustraiian». ('rown 8vu., 6i. Vol. Il„ with nuriierou.'. Illuilrit- 
tions. Crourn Bvo.. 61. 6J. 
irlE MOON: Her Motions, Aspect, Scenery, and Physical 
Condition. Witb many Plates and Chans. Wood Engravingi, and a Lunar 
PboioKfaphs. Crown 6vo., y, 6d. 

OTHER WORLDS THAN OURS: the Plurality of Worlds 

Studied Under the [.igtil of Recent Scientific Researches. With 14 Illustrations; 
Map, Cham. etc. Crown 8vo., 31. fid, 

OUR PLACE AMONG INFINITIES : a Series of Essays con- 

trasling our t.tule Abode in SpHoe and lime witb the Infinities around us. 
Crown Svo., 31. bd, 

MYTHS AND MARVEI3 OF ASTRONOMY. Crown 8vo., 
LIGHT SCIENCE FOR LEISURE HOURS; Familiar Essays 

on Scictiiific Subjects, Naltiral Phenomena, Ha. Croun Svo., 31. 6^. 

THE ORBS AROUND US; Essays on the Moon and Planets. 

Meteors and romet.^, the Sun And Colouml PaJrs of Suns. C'rown 8vo. , y. bd. 

THE EXPANSE OF HEAVEN; Essays on the Wonders of Ihe 

Firmamcai. Crown 8vo., y. 6J. 

OTHER SUNS THAN OURS: a Series of Essays on Suns— Old, 

YOOM, and I>esd. With other Science Gleanm|[>. Two Essays on Wliist. 
and Coneqiondenee with Sir John Herachel. With 9 Star-Maps and Diagrams 
Cnnm 8vo,, 3*. W. 

HALF-HOURS WITH THE TELESCOPE: a Popular Guide 

to ibc tV of tbe Telacope as a means of Amusement bimI Instructioa With 

7 Plates. Fcp. 8va . 21. 6d. 

NEW STAR ATLAS FOR THE LIBRARY, the School, and 

the Ob>enfalo»y, in 'twelve <:ireular Mans (with 'two lnde»-Plair»). Wuh an 
Introduction on the Study of tlie Stars, ntu&lrated by 9 Diagranu. Cr. Svo., 51. 
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SciiHtipc iVcrks pubtisfud by Ij>ngmans, Green^ ir Co. 



WORKS BV RICHARD A. PROCTOR- «:b*//»M«rf. 

THE SOUTIIKKN SKIES: a Plain and li^asy Guide to the 

CoDStctbtooni of ibe Southern Hemisphere. Showing in IB Map* thf posiiioo 
of the princtpal Sur^Groupi night after night ihrongbottt ihc jrcar. Wilhu 
loiroduclion anrl a Kp«nite Kxphnation of each Map. True for every Yt»r. 
4tO.. 51. 

HALF- HOURS WITH THE STARS; a Plain and Easy Guide 

to the Knowlfdgr of the ConUcIUtions. Sbowing in la Mops ibe position of 
tbc principal SlKr-Utoups night after night thtougbool the ycv. With Inttv- 
(luction and a *qNir«e Expluwiion of e>di Map. True for e«cry Vcar. 
4to., y. net, 

LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS. 

In Tw-dvi-- Citciibt Maps, sbowtrg &000 Stan, igoo Douhie Stars, Netiulie, etc. 
With a Index-Plaiia. Folio, ly 

THE STARS IN THEIR SEASONS: an Easy Guide to i 

KdowMk* of the Star-Groupi. In i« Large Map*. Imperial Svo., 51- 

ROUGH WAYS MADE SMOOTH. 

Scienlific Subjects. Crown 8va, 31. £>^. 



Faniiltftr Essays on 



PLEASANT WAYS IN SCIENCE. Crown 8vo., y. 64. 

NATURE STUDIES. By R. A. Proctor, Grant Aluen, A. 
Wilson, T. Fo6TE>. and E. Clodd. Crown 8vo.. y. 6d. 

LEISURE READINGS. By R. A. Proctor, E. Clodd, A. 
WiLSOH, T, Fo6Tit. and A. C. Rantakd. Crowa Bvo.. y. td. 



PHYStOGRAPHY AND GEOLOGY. 
B//fD.~\\or\5 by CHARLES BIRD, B.A. 

ELEMENTARY GEOLOGY. With Geological Map of the 

RritLth Inlex, iinil 747 lUiatraciun^. Crown 8vo., v. 6d^ 
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F.R.C.S.. Tmcher oJ Praciical Sargcry la Kmc's College. London, Surgeon 
to King's CoUegc Knspjial (Land.), eic. 

Part I. Tl]c Treatment of General Surgical Diseases, including 

loHaminatKWi.SuppuT^iion, Ulceration. (vangrvae.'WoundsatHl tbcirConipIi- 
eatioDs. Infective Uiieucs xnd Tomours: iIk .\dministmioa ol Anacmbciics, 
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Part I. The Bones. 7*. td. net. 
Part II. Limbs, Abdomen, Pelvis. loj. dd. neL 
Part in. Head and Neck, Thorax, Brain. loj. td. net. 
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A TREATISE ON GOUT AND RHEUMATIC GOUT 
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10 the Gordon Hospital, etc. (InTwoPani.| rart I. With9i Illuuntloni. 
8yo.. 7*. W. net. 
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the Aneries being cokmred red, the Vdns blue, and the Nerves y«Ut>w. TIm 
attachmenu of rhe muscles 10 the bone*, in the aedion on OMeoklgj, an 
also >hown in coloured outline. Royal 8vo., 311. nvi. 



H 



MEDICINE AND SURCERY-atMftWxA/. 

HALLIBUKTON.—Woxk^ by W. D. HALLIBURTON, M.D., 
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^xn-Air SuAtoriam. Revised by Prafcstor R. KocH. Wiib 14 IlluitnUiORs. 
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